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A STEM Unit on School Garden for Developing 21st Century Skills 
and Conceptual Understanding of Science and Math 

 
 

Cedra Samuel Tawil 
 
 

ABSTRACT  
 

 
Over the preceding decade, there has been a major incentive in emphasizing STEM— 
an abbreviation standing for Science, Technology, Engineering, and Math—as an essential 
aspect of educational curricula. However, little research has been done to study the 
application of STEM in a garden context on the conceptual understanding and 21st century 
skills.  
Thus, in writing this paper,the researcher examined the effect of STEM on the conceptual 
understanding in science and math as well as the application of the 21st century skills into 
the garden setting, by looking specifically at 4th grade students. 
By using a mixed method approach, the researcher collects qualitative and quantitative data 
while observing the participants in the garden.Quantitative data was extracted from 
instruments including students’ worksheets in class, formative and summative tests and pre 
and post-test. Qualitative data was collected from observational notes done by the 
researcher throughout the study. 
Pre and post-tests were applied to verify whether or not STEM within the garden context 
enhances students’ achievement scores. 
The results showed a significant difference (P < 0.0167) in the experimental classes’ pre- 
and post-test scores for four out of six concepts studied and a great significance with 
application of the 21st century skills, while a slight significant difference was found 
between the pre- and post-test scores of the control classes. 
A significant difference was reached between the control and experimental groups due to 
intervention. Consequently, the results showed that STEM through gardening activities 
helped improve science and math test scores as well as the skills application.  
Moreover, the results presented in this study will be used as a basis for curriculum reforms 
in the future. 
 
 
Keywords: STEM, 21st century skills, garden, communication, collaboration, critical 
thinking, conceptual understanding, technology education 
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Chapter One 

Introduction 

 In a world that is fast changing nowadays, students need not only to possess 

knowledge in areas like science, math and language arts, but has also to be equipped 

with skills such as problem solving, communication, critical thinking, collaboration, and 

effective use of technology (Bailey, Kaufman &Subotic, 2015). These skills represent 

the 21st century skills, in other words, the skills that students need in order to thrive the 

21st century world (Beers, 2013).   

These skills are eventually used in the thinking process that helps them learn the 

content of a certain subject area. Such skills also allow them to work with others and 

deepen their understanding.   

Research suggests that these 21st century skills need to be implemented into the 

curriculum within an interdisciplinary approach and real-world application (Bailey, 

Kaufman &Subotic, 2015). This will help students become lifelong learners. In creating 

real-world connection, the teacher is embedding subject content in a plentiful context in 

which scholars will practice and learn skills, gather and exhibit information, and 

decipher problems. Certainly, the real-world correlation is a strong unique element of 

this educational approach that makes it highly motivating for pupils. This will even help 

them create and make conceptual meanings and structures for the information they 

receive (Beers, 2013). As a result, students must be given opportunities that enable them 

to integrate the 21st century skills and build their conceptual understanding. Hence, they 

will be able to deal with challenges that are complex and this is where the STEM 
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approach shines according to research (DeAngelis, 2015). 

 STEM is an acronym for Science, Technology, Engineering and Mathematics. 

STEM emerged from revisions to teaching benchmarks for mathematics and science 

content in the United States (Chiapetta&Koballa, 2010 ; Next Generation Science 

Standards, 2013). STEM education is a recent leading model in the U.S in both 

mathematics and science education that uses the constructivist processes in learning 

(NRC, 2012). STEM helps the students integrate a holistic approach to instruction and 

curriculum by incorporating multiple subject content rather than learning content in a 

disjoined manner. STEM allows the students to solve real-world problems through 

projects and problem-based situations; which allow them achieve high order thinking 

skills and apply their knowledge in new ways (Beers, 2013). Hence, there is a need for 

the foundation of the 21st century curriculum (Klemmer,Waliczek&Zajicek,2005).  

 The STEM integrated curriculum produces educational opportunities for students 

that help them succeed in careers of the 21st century time (Klemmer, Waliczek&Zajicek, 

2005). When STEM education is integrated into the curriculum, it incorporates the 21st 

century skills such as, creativity, critical thinking, collaboration and communication. It 

also integrates practices that include hands-on activities and instruction, both project and 

problem-based learning ( PBL), the usage of technology  and laboratory-based learning 

(Hanover, 2012). Research asserts that problem-based learning matches both the 

interdisciplinary instruction and the conceptual understanding by students (Carpraro, 

Morgan, 2013). 

 Though STEM education is a wide spreading approach in the U.S nowadays, its 

application is still shy in a country like Lebanon. In Lebanon, young children do not 

have the chance neither to be taught throughout hands-on activities nor to improve their 
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critical thinking skills. Thus, being a science coordinator at an elementary school, the 

researcher chose to implement the STEM approach and try to apply it into a unit based 

on gardening activities.  

 Research shows that a school garden is an effective vehicle to incorporate STEM 

curricula (Putnam, 2015). A school garden offers the students the chance to learn science 

and math through direct physical experience (Chiapetta&Koballa, 2010). Gardening 

activities do not only connect pupils to their natural world, but also offer them an 

engaging and attractive setting in which they develop high-level thinking skills that 

teach them to appreciate the world around them. 

  This study uses a mixed method research design where grade 4 students will 

perform gardening STEM activities. The aim of the study is to evaluate the progress of 

their conceptual understanding in a unit about plants integrating both science and math 

concepts. This study will also investigate the effect of gardening activities on the 

implementation and gaining of the 21st century skills. These 21st century skills are the 

skills that characterize the learners who are set for a complicated life and work setting in 

this 21st century. (“P21 Framework definitions”, 2009).   

 Besides, and according to Carparo& Han (2014) STEM education has been 

defined as an interdisciplinary and comprehensive learning and teaching approach.  It is 

also considered an application of an inquiry- based learning experience. The inquiry 

process helps students create new information and knowledge or readjust old 

knowledge. Through STEM implementation students are allowed to incorporate a 

dynamic aspect of science instead of being passively receiving scientific information. In 

garden STEM based activities, the students are active learners constructing their 

knowledge and applying problem solving processes to acquire the scientific concepts 
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they are discovering.  

 Moreover, the reason why a school garden is chosen to perform this study is the 

fact that gardens put both inquiry and hands -on experience into action, allowing the 

researcher to apply the STEM approach when teaching conceptual understanding.  

According to research, when hands-on learning is implemented, conceptual 

understanding can be easily reached. The activities performed in a real-world context 

which are designed to exhibit abstract concepts in a visual and concrete way, help the 

students acquire imagination and creative thinking (Thomson,1992) (as cited in Gürbüz, 

Çatlioğlu, Bìrgìn&Erdem, 2010, p. 1054). 

 Letting the students apply STEM actively in the garden offers them the 

opportunity to put the 21st century skills (communication, cooperation, critical thinking 

and collaboration) into practice. Through the use of these skills the paper studies the 

impact on the science and math conceptual understanding. Through gardening activities, 

the students are able to communicate with one another, discover the relationship 

between the activities they perform as well as connect the knowledge they learn to their 

daily real- life (Lee &Songer, 1998). 

1.1 Purpose of the study 

  The purpose of this study is to investigate the effect of a STEM approach 

embedded in gardening activities on grade 4 students. It also studies their math and 

science conceptual understanding and the development of their 21st century skills, 

specifically communication, cooperation, critical thinking and collaboration. 

 One of the greatest difficulties in studying conceptual understanding and 21st 

century skills is the translation of the scientific knowledge into practical measurable 
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ways observed when the students are on task. Hence, the focus of this paper is to gather 

in-depth the indicators that reveal the use of the 21st century skills as well as the 

conceptual understanding amongst the students when they are learning math and science 

concepts in a garden context based on the data collected while performing the gardening 

activities. These data are collected through observations, students’ formative tests, pre-

test and post-test design.  

1.2 Rationale of the study 

 The main element in research on learning is to be capable to tell or evaluate 

“what students know” and what ideas they get with them to the classroom. We as 

teachers should ask ourselves “what are we teaching the child?”, “how do we know if 

our students really understood and acquired what we want them to acquire” and most 

importantly “does teaching lead to conceptual understanding?” that’s why, in a world 

where test scores evaluate the students’ achievement, and in a time where we follow 

instructional routines to promote conceptual understanding and the application of the 

21st century skills, it is important to examine and study what conceptual understanding 

really means (Konicek-Moran & Keeley, 2015).  

 This mixed method study examines the acquisition of science and math concepts 

through the implementation of STEM approach in gardening activities. This study will 

research the efficacy of STEM on conceptual understanding where the students end up 

doing a project, based on a unit about plants. This research helps study the 21st skills 

application by the students. An observation rubric containing criteria eliciting the 21st 

century skills, a number of three tests ( two formative tests and one unit test) including 

questions revealing both conceptual understanding as well as reasoning to show the 21st 
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century skills and pre and posttest including multiple choice questions, concepts 

inventories, concept maps are developed for this study. These methods could be also 

used by other teachers to evaluate conceptual understanding and coverage of the 21st 

century skills (Konicek-Moran & Keeley, 2015). 

 This study offers the opportunity to merge both the test scoring and observational 

to evaluate the actual students’ learning process and understanding. Moreover, this study 

will definitely influence my future curriculum development and evaluation process in 

science and math. A similar study can be performed in other schools in order to 

reconsider their curriculum and instructional strategies.  

1.3 Research Questions 

 The main question of the research paper is: do STEM gardening activities help in 

developing both the 21st century skills and the conceptual understanding in science and 

math? 

The questions that will be addressed are the following: 

1. Do the STEM instructional approaches affect the conceptual understanding in 

science and math? 

2.  Does the implementation of school garden STEM activities promote the 

application and development of the 21st century skills? 

1.4 Definition of Terms 

STEM is an acronym that stands forScience, Technology, Engineering and 

Mathematics education. It is an interdisciplinary and comprehensive teaching and 

learning approach mainly for the four disciplines often incorporating a prevailing 

communication component (Carparo& Han, 2014). 
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21st century skills: the 21st century skills that are considered in this paper are the 

ones needed for the students to develop in order to succeed the 21st century context 

(Saavedra &Opfer, 2012). These skills include the four C’s (Communication, Creativity, 

collaboration & critical thinking). The “Partnership for the 21st” century skills (2009) 

defines these skills as the skills, knowledge and expertise that students must master to 

succeed in work and life in the 21st century time (“Partnership for 21st century skills”, 

2009). 

Communication:  communication is defined as one of the interpersonal skills of 

the 21st century skills (Saavedra &Opfer, 2012). It is to listen in an active manner and 

articulate ideas effectively (Lemke, 2002). It is the ability to communicate one’s 

thoughts actively, clearly and effectively with diverse audiences using written and oral 

nonverbal languages. It is also the use of multiple media and technologies when students 

express their ideas. 

Collaboration: collaboration is outlined as working with others to attain a 

common goal. It is another interpersonal skill of the 21st century skills where students 

show the ability to value and respect diversity, exercise willingness and flexibility to 

help others, put up to group effort and share responsibility for work ( Trilling &Fadel, 

2009) 

Critical Thinking and problem solving: they are higher order thinking skills. 

They include the ability to use appropriate reasoning when analyzing and solving a 

problem. The “Partnership for the 21st century skills” (2009) defines problem solving 

and critical thinking as the ability to benefit from the available technologies in 

manipulating, accessing, managing, analyzing and communicating information.  

Conceptual Understanding: conceptual understanding is composed of two parts: 
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concept and understanding. In his book, Pines& West (1986) defines the word “concept” 

as “packages of meanings that capture regularities, patterns or relationships among 

objects and events (p.108). A concept is a building block of any idea and definition. 

  As when it comes to conceptual understanding, it is when a student can think 

with this concept; use it in many areas other than the ones he learned it in, define it in his 

or her own words and find an analogy or a metaphor for it. In other words, conceptual 

understanding refers to the way the students make the concepts their own (Konicek-

Moran & Keely, 2015). Conceptual understanding is also referred to the integrated and 

functional grasp of ideas (Jones, 2012). It is a network in which connecting relationships 

between ideas is crucial. Hence, it is “the explicit or implicit understanding of principles 

that govern the interrelations between pieces of knowledge in a domain” ( Rittle- 

Johnson &Alibali, 1999).  

Technology education: Technology education is the study of technology. It is 

designed to teach students to be prepared for a number of technology-related fields, and 

to learn about technology within specific fields of study. Teachers cover topics related to 

technology processes, concepts and knowledge. The broad philosophy of technological 

education is that students learn best by doing, so the curriculum adopts an activity-based 

and project-driven approach. Technology Education is interrelated to disciplines such as 

math, science, engineering, and others. (Penuel, Kim, Michalchik, Lewis, Means, 

Murphy, et al., 2001). 

 Moreover, according to Moore (2012) technology is “any item, piece of  

equipment, or product system that is used to increase, maintain, or improved functional 

capabilities of individuals” It enables all studentsto be successful in the general education 

classroom (Moore, 2012, p.37.)

http://www.webopedia.com/TERM/T/technology.html
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Chapter Two 

Review of Literature 

 This chapter will introduce relevant research literature linked to the rationale of the study. 

Four major sections are included: 1) The STEM approach and its importance; 2) STEM 

education and conceptual understanding; 3) STEM education and the 21st Century Skills, and 4) 

STEM into the garden setting.  

2.1 STEM  

2.1.1 The Knowledge Leap 

 We are living in the time where developments in science and technology change almost 

every feature of our daily life. To realize that this tendency will probably continue, reflect for an 

instant about how much we know. More than ten thousand recent scientific articles are issued 

every day. The knowledge foundation is presently expanding every seven years. 

As society advances at a growing pace, it will be progressively more difficult for 

educators to become accustomed to the requirements of a technologically evolving society. To 

witness that this change will possibly continue, think for a second about how much we know and 

how much we can bring for our educational system. Educators are overwhelmed by too much 

information as they try to prioritize what they instruct their students. Class time is a valuable 

commodity and there is no time to teach everything. 

 2.1.1.1 The Impact of knowledge leap on American Students throughout history to the 

present 

 Research showed through history that teaching is hardly managing to maintain pace with 

the fast technological changes. Throughout the American history and going back to 1980A 
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Nation at Risk: The Imperative for Educational Reform study initiated by former Secretary of 

Education T. H. Bell and carried out by the National Commission on Excellence in Education 

(1983), denoted that in global comparisons of students’ achievement on 19 academic evaluations, 

American pupils were never first or second. Compared to other industrial nations,  American 

scholars were last for seven times. The study similarly noted a nationwide illiteracy level of 13% 

among 17-year-oldapprentices, with levels as high as 40% amongst minorities, and indication 

that talented and gifted students were exhibiting insufficient performance. 

 Research has even indicated that the failure persists to our days. In his report Science, 

Technology, Engineering, and Mathematics (STEM) Education: Background, Federal Policy, 

and Legislative Action, Kuenzi (2008) mentioned that even if the latest National Assessment of 

Educational Progress (NAEP) results indicate improvement in United States students’ knowledge 

of science and math, the majority of scholars yet fail to achieve acceptable ranks of proficiency. 

In comparison to other countries, the success of U.S. learners seems inconsistent with the 

country’s position as a world leader especially in scientific and technical innovations. For 

instance, between the 40 countries taking part in the 2003 Program for International Student 

Assessment (PISA), the U.S. was at the 24th rank in science literacy and the 28th in math literacy.  

 Besides, students’ grades were lower in math in 2015 compared with 2012. This placed 

the U.S. underneath 35 industrialized countries. Fifteen-year-old pupils in more than 70 countries 

and education organizations were examined on their problem-solving abilities and critical-

thinking competencies as well as their adeptness in basic subjects. 

 Another universal test lately published its recent results is the Trends in International 

Mathematics and Science Study (TIMSS). Differently to PISA’s results, U.S. pupils have 

showed a slow, but stable improvement for years. Andreas Schleicher, the principal of education 

http://www.ewa.org/blog-educated-reporter/us-students-competitive-internationally-math-and-science
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and skills in the Organization for Economic Cooperation and Development’s (OECD), stated that 

U.S. learners’ levels of competence appear to falloff as they move on to higher grade levels, 

unlike the trend in lots of higher-performing nations. He also stressed another worrying issue 

implied by the PISA results, “Students are often good at answering the first level of a problem in 

the United States. But as soon as students have to go deeper and answer the more complex part 

of a problem, they have difficulties”. 

 This shows that these problems mainly follow students to college. The NCISE reports 

referred to this fact by saying that the science curriculum at high school is unrewarding and 

uninteresting. It offers little or no hands-on opportunity or activity to experience live science. 

"The high school curriculum is characterized by strict disciplinary approaches to science that are 

limited to the body of knowledge with little attention to how that body of knowledge develops or 

how it makes an impact on culture and society" (NCISE, 1991, p. 1). 

 Whittaker (1992) also talked about this issue, referring to the absence of creative and new 

pedagogy and curriculum in technology, science, and mathematics education. Krieger criticized 

this fact roughly: throughout the years of middle school, a student's opportunity to the natural 

context is usually a textbook supplemented by boring worksheets. Consequently, students arrive 

to high school fully bored by science and meet the course requirements only, which does not 

affirm their expectations and make their experience unrewarding. (Card & Krueger, 1992).  

 2.1.1.2 Addressing the Problem  

 Due to this critique of the American educational system and absence of pupils’ interest in 

critical subject areas, many instructive developments have tried to tackle the failures of the 

American scholars at international assessments, such as TIMSS and PISA. Unfortunately, 

modifications attained in education have almost constantly been unorganized because the 
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modifications have occurred within individual subjects of study, rather than within an integrated 

holistic approach (Barcelona,2014). 

 2.1.1.3 Development of standards based ideas 

 As stated by Doolan and Honigsfeld (2000), the failures recognized in “A Nation at Risk” 

paved the way for the standards-based education improvement programs of the previous two 

decades.  

 In1994 the law of the Goals 2000: Educate America Act signed by president Clinton 

emerged. This law maintained an inclusive district and state-wide planning and application of 

efforts for school advancement while focusing on developing students’ achievement to reach 

those standards.  

 Moreover, the Council of National Research, through the National Committee on Science 

Education Standards and Assessment, has also set guidelines and goals for refining K-12 science 

education along with the National Science Education Standards (NRC, 1996). The National 

Council of Teachers of Mathematics issued the Principles and Standards for School 

Mathematics for pre-kindergarten through high school mathematics curriculum (NCTM, 2000). 

However, the creators of the technology curriculum have responded by creating their specific 

educational standards. This has occurred nationally and, in certain situations, at the national 

level. At the state level, Wisconsin built Wisconsin's Model Standards for Technology 

Education. At the national level, the International Technology Education Association (ITEA) has 

begun with the Standards for Technological Literacy 

 One of the most important changes in the recent standards proposals has been the 

endeavor to improve the scholars’ connections to their everyday world and to contain multi-

disciplinary points of view. In the National Science Education Standards, the National Research 
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Council confirmed the need for a multi-disciplinary methodology as follows: The aim of science 

is to appreciate the natural world, and the aim of technology is to implement changes in this 

world that intersect with the human needs. Technology as a model is integrated in the Standards 

just as inquiry is integrated in science.  

 Science and technology are closely linked. Any everyday-life problem has usually both 

technological and scientific aspects. The need to find answers to questions in the natural world 

urges the technological creations; besides, technological needs can boost scientific research. In 

addition, technical products such as pencils and computers, are tools that enhance the 

comprehension of natural experiences. (NRC, 1996, p. 24) 

 This fact led to create a set of standards that exhibit a cross-disciplinary approach 

involving: science as inquiry, science and technology, and science in social and personal 

perspectives (NRC, 1996).  

 The Principles and Standards for School Mathematics stated that "an effective 

mathematics curriculum focuses on important mathematics that will prepare students for 

continued study and for solving problems in a variety of school, home, and work settings" 

(NCTM, 2000, p. 2). A set  of the standards included in the Standards for Technological Literacy 

highlighted the significant interaction that occurs between engineering, math, science, human 

history and society. 

 Standards established under the Nature of Technology title are used to educate scholars in 

grades K-5 about the relations between technology and other areas of study (lTEA, 2000). 

Standards formed under the Technology and Society title help in teaching students in all grade 

levels about the economic, social, cultural, and political impacts of technology and the function 

of society in the use and development of technology (ITEA, 2000). 
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 2.1.1.4 Significant Progress 

 While cultures around the world become increasingly scientifically and technologically 

oriented, Americans are failing to understand how the use of the science and technology 

strengthens the high standard of living in society, according to Cheek (1992). 

 Science, math, and technology are useful means for "understanding the natural 

environment and contemporary culture - particularly in an age when science and technology 

permeate U.S. life" (NCISE, 1991, p. 1).  There is a rising worry that persistent technological 

ignorance will eventually bring failure to the Western culture as we know it nowadays (Cheek, 

1992). 

 To avoid such a downfall, the future leaders in society will want to fully realize the 

relation between technological and scientific developments and societal requirements. In his 

justification for technology education, The Transition from Industrial Arts to Technology 

Education: the Content of the Curriculum, Bensen (1988) explained that an inclusive technology 

education fulfills the growing demand for technologically educated citizens. He said that 

"Students need Technology Education because, as citizens and consumers, they need to 

understand our technological culture”. 

 “In order to make intelligent choices, we must be technologically literate" (Bensen, 1988, 

p. 168).Hence, a shared vision seemed to be growing in relation with how the school children 

learn math, technology, science and society. The National Science Education Standards, the 

Principles and Standards for School Mathematics, and the Standards for Technological Literacy 

are an evidence of this rising agreement.  

 2.1.1.5 STEM, and Engineering as the Multidisciplinary Approach 

 Proceeding with the proposals of these sets of initiatives, a number of academic 
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institutions in the United States started implementing a multi-disciplinary approach. This was 

mostly done through the implementation of a curriculum based in engineering skills that is 

considered to be an instructive movement for technology education (Lewis, 2004).  

 Students must be given experience with engineering through designing and creating 

projects, hands-on laboratories and open-ended problem based learning (Sheppard & Jenison, 

1996). The main reason behind why using technology education meets such a need is that the 

major feature of technology education's curriculum is its application of hands-on and experiential 

learning (Pearson & Young, 2002; Snyder, 2004).  

 This educational approach, usually referred to as STEM, relates science, math, 

technology, engineering, and math; every teacher, whether in science, math, technology or 

engineering, fulfills a major part in the engineering program. This program employs what the 

students study in each class, merges it, applies it, and gives them opportunity to deal with real 

world problems and case studies and try to solve them. The professional engineering community 

supported these efforts. Feldhaus and Reid recognized the considerable efforts done by the 

American Society for Engineering. Obviously, there is a shift by engineering communities to get 

a fair idea of the K-12 concerns that influence the employment at post-secondary schools and to 

allow research find answers to the issue of how members from different levels can improve the 

condition of engineering along with the engineering technology education (Reid &Feldhaus, 

2007, p. 6).  

 Additionally, Technically Speaking: Why All Americans Need to Know More About 

Technology, a report written in 2002, supported the idea that the technology classroom was a 

reasonable alternative, they said, and a person who is technically literate has to know the  

engineering design: “ An especially important area in the engineering design process is starting 
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with a set of criteria and constraints and working toward a solution-advice or a process that 

meets those conditions” (Pearson &Young, 2002, p.13). 

 If we want to compare the American system and curricula to the Lebanese, research 

shows that very little has been done to improve the Lebanese educational system and curricula.  

 According to Frayha (2009) educational systems in Lebanon differ between the private 

and the public sectors. The private sector works somehow independently from the states’ 

standards and sets its own standards. It also follows an approach or curricula that are close to the 

American ones. Whereas, the public sector follows a curriculum that has not been reviewed since 

1980. Frayha (2009) even proceeded to mention that the Lebanese educational system doesn’t 

concentrate on the wellbeing of the learners or their academic success; it rather reinforces the 

sectarian and religious differences (Frayha, 2009). 

As when it comes to comparing the Lebanese educational system to the quality of 

educational tests internationally (Arora, A., Foy, P., Martin, M.O., &Mullis, I.V.S.,(2012), 

TIMSS, 2011), schoolchildren in Lebanon obtained a score of 449 on mathematics which is 51 

points below the regular average. Concerning ranking, Lebanon was in the 25th place amongst 

43 participating nations.  

 2.1.1.6 Multi-disciplinary Approaches in the Literature 

 Research studies support the worth of including a multi-disciplinary educational 

curriculum. 

Research done in both education and cognitive science, proposes that curriculum modifications 

including a multi-disciplinary curriculum are expected to support learning (Loepp, 1999). 

Deneme& Ada (2012) ran a study to explore the importance of the interdisciplinary 

approach in primary school education recently. In their study, the authors examined that the 

http://nces.ed.gov/timss/results11.asp
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teachers, who collaborated to apply the interdisciplinary approach created more effective 

learning experiences by linking the activities and subjects of a school discipline into the 

curriculum along with other disciplines. They also studied the effect of this approach on students.  

The participators of this study incorporated 23 fifth grade school children; 15 of whom 

were girls and 8 were boys. They started studying English at the elementary level for ten months 

and all were novice learners between the ages of 10 and11. The researchers chose a class to 

apply the interdisciplinary approach. The research was accomplished by implementing a 

descriptive research method. The educators were interviewed and information about the 

curriculum, the lessons, and the students was collected. 

The results of this study revealed that the interdisciplinary approach helps in sharpening 

the learners’ understanding of different subjects, thus empowering them to become creative and 

well-supported learners. 

 These findings correlate with what Jacobs (1989) stated in his book “Interdisciplinary 

Curriculum: Design and Implementation”. He described that incentive for learning increases 

when children deal with real-problem factors.  When students are actively implicated in making 

choices and in planning their own learning, they exhibit a better motivation and show less 

behavior problems. Jacobs also observed that an inter-disciplinary curriculum improved self-

direction, enhanced attendance, boosted homework fulfillment, and lead to a positive attitude 

towards academics and schooling. 

An Inter-disciplinary curriculum helps the children solve problems, make connections, 

and integrate information from various fields (Lake, 1994). 

2.2 STEM and conceptual understanding 

 Before talking about how STEM improves conceptual understanding, it is mandatory to 
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clarify the definition of conceptual understanding and the reasons of its importance. Conceptual 

understanding is not an evidently defined idea, but the majority of researchers correlates it to 

inspiration and separates it from computational capabilities. Teachers frequently come across this 

differentiation in lecture when learners who succeed performing complicated calculations in their 

assignment cannot solve “simple” questions about the meaning or the nature of what is being 

learnt.  

  The expression conceptual understanding is usually used inaccurately to distinguish 

between pupils’ abilities to execute calculations and their perception of the meaning of these 

calculations.  

 Current examination of student cognition is related to Jean Piaget’s influential 

achievements in cognitive development. Piaget portrayed education as a developmental process 

where people evolve through stages of growing understanding that allows them to internalize 

instruction. Piaget determined four different stages of cognitive development that he considered 

to be universal with education. Though, new instruction is acquired during the stages, every 

stage is described by a specific method and perspective of organizing and obtaining information. 

sensorimotor, preoperational, concrete operational and formal operational are the four stages of 

cognitive development in Piaget’s theory. 

  The approach of Piaget was distinctive because it signifies that students’ reactions 

as responses are commonly credible when applied within the context of their personal 

knowledge. Other cognitive psychologists explained this process changing according to 

Piagetian categories is viewed as conceptual change. Chi and Roscoe (2002) consider that this 

procedure is difficult there exist some deeply-held values that intervene with conceptual and 

theoretical change in different subjects.  
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 On the other hand, Jerome Bruner (1960) stated that learning and education are a 

complicated procedure in which students are constantly rearranging their existing information as 

well as the connections between the concepts and the things they experience. Bruner confirmed 

his ideas by saying that since people are continually building their own knowledge from their 

experiences, and since their understanding of these experiences is influenced by their 

contemporary understanding, the process of learning cannot be perceived as a linear sequence of 

stages. Bruner’s work The Process of Education (1960) was the start of the constructivist 

approach. 

 Consequently, conceptual understanding requires the student to be an active thinker and 

make connections, beside making changes to link the new knowledge to the previous ones (Reys, 

Suydam, & Lindquist, 1995, p. 21).  

 Research focuses on several advantages of teaching for building conceptual 

understanding. In their report Principles and Standards for School Mathematics, The NCTM 

(2000) discussed that, during the 21st century, students must have conceptual grasp of 

mathematics so that to solve problems and succeed as adults in the current constantly 

revolutionizing environment. Additionally, conceptual understanding of mathematics helps 

learners be more confident and independent which is reflected when students don’t hesitate 

dealing with challenging and difficult problems (NCTM, 2000).  

 In order to shift into teaching for understanding, the methods for teaching science in the 

traditional classroom are undergoing a transformation to build children’s conceptual 

understanding (Appleton, 2012). One of these major transformations is materialized in the STEM 

approach. STEM is a direct application of the constructivist theory that is based on inquiry and 

experiential learning related to the students’ real life. 
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  When applying the STEM approach, the instructors would not convey knowledge but 

would somewhat simplify knowledge. Besides, with STEM when students deal with real life 

inconveniences, they can acquire the ability to create the appropriate solution techniques. STEM 

also allows the children to be learning by doing, or learning when being actively engaged in a 

process or activity, as per B. B. Armbruster (2011, p. 212). Bhagwanji (2011) confirmed what 

Armbruster said by noting that hands-on approach includes these specific characteristics revealed 

in the following paragraph “Hands-on curriculum and activities are those in which students 

touch, move, and experiment with materials in the classroom. As they manipulate objects, 

children think about the objects’ properties and relationships. After several such experiences, 

children develop “theories” about how things work that can be tested with further manipulation. 

Children’s work with hands-on materials can be assessed and recorded as the children are 

working, and these data can be analyzed to examine the child’s learning progress”. (p. 212) 

 Hands-on instruction allows the children to collaborate interactively by various means. 

Also, these hands-on performances allow learners to be actively engaged, and not be just passive 

in any kind of class activity. Commonly, hands-on approach obliges learners to solve problems. 

 Manipulatives are considered to be one technique used to involve children in hands-on 

learning. When students use manipulatives to design their own project they develop a greater 

conceptual understanding. Since conceptual understanding of science and math is mandatory, 

hands-on learning offers a suitable pedagogical methodology. 

 Through a STEM approach, schoolchildren can build their knowledge by asking 

questions, testing, acquiring concepts and theories, communicating and cooperating with others. 

Science is a subject where continuous inquiry takes place: “utilizing changing concepts, 

producing continuous reorganization and revision of its knowledge,” (Schwab, 1962). The 
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inquiry process leads to building a new knowledge or correct the old one. Contrary to the 

traditional approach used in teaching science where children passively get the scientific 

knowledge from the instructor, STEM is an approach applied as motivating feature into the 

science instruction where students behave as active learners in building their knowledge and 

using inquiry as a problem solving method for the everyday problems. 

2.3 STEM and the 21st Century Skills  

Collecting information from literature on the way students develop the 21st century skills 

is tricky because it requires the examination and assessment of multiple issues.  In this section, a 

thorough review of the literature relates the educational program to the 21st century skills. The 

review is divided into two major areas: 1) the historical educational timeline that lead to the 

evolution of the 21st century skills 2) the identification of the specific skills needed for the 21st 

century applied through STEM. 

2.3.1 The historical educational timeline 

 During the late–19th century, new attempts to reform educational programs started to 

appear. The first attempt for a “progressive education” started with Jean Jacques Rousseau, 

Friedrich Froebel and Pestalozzi. Moreover, John Dewey, an American philosopher and 

educator, argued that schools must reflect the children’s life in society and asserted that in 

education the children are the ones concerned and that they build their knowledge based on the 

permanent experiences they live (Progressive Education, 2008). Dewey also claimed that 

education should be aligned with the changes of society. He wrote in The School and Society 

which was published in1899 “Democracy has to be born anew every generation, and education is 

its midwife".  He also believed that academic institutions must teach the children how to gain 

problem-solving skills by giving them the opportunity to think and reflect rather than to 
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memorize. According to Dewey (1899) schools should offer students opportunities to learn how 

to work and function cooperatively; he wrote, "In a complex society, ability to understand and 

sympathize with the operations and lot of others is a condition of common purpose which only 

education can procure” (p. 54). 

  In 1990, the Commission on the Skills of the American Workforce published its first 

report America’s Choice: High Skills or Low Wages, and said that “if the United States wanted to 

continue to compete in that market of low-skill, low-wage work, it could look forward to 

continued decline in wages and very long working hours” (NCEE, 2006, p.3). Hence, if we 

wanted to exist and participate in an international market, we would need to develop standards 

for education that help us meet these needs (NCEE, 1990). 

 After this report in 1991, the U.S. Department of Labor and the Secretary’s Commission 

on Achieving Necessary Skills (SCANS) worked to propose their recommendations for matching 

the changes in the work situation to What Work Requires of Schools (SCANS, 1991). 

 This paved the way to a “widespread consensus… that our education and workforce 

development systems are failing to adequately prepare all students and workers with the essential 

skills – 21st century skills – necessary for success in a global economy” (PCS, 2008). Thus, the 

Partnership for 21st Century Skills led in building the Framework for 21st Century Learning that 

summarizes the learners’ results and reinforce the systems needed while focusing on the future 

professional skills needed by the students nowadays (PCS, 2009b).  

 Additionally, the enGauge is a 2002 report developed by the North Central Regional 

Educational Laboratory and funded by the U.S. Department of Education and the Office of 

Educational Research and Improvement (Lemke, 2002). The enGauge 21st century skills were 
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developed using literature reviews, educator input, reactions from constituent groups, educator 

surveys and focus groups. (Lemke,2002).  

 SCANS, P21 and enGauge present different frameworks for 21st century skills, but the 

components of these three frameworks can be grouped into five general categories: 

technological, cognitive, social, foundational, and other skills. The organization of SCANS, P21, 

and enGauge frameworks of 21st century skills are presented in Table 1. 

Table 1 
21st Century Skills using SCANS, P21, and enGauge Frameworks SCANS 
 
21st Century Skills using 
SCANS, P21, and 
enGauge Frameworks 
SCANS  

P21 enGauge 

Technological  
(the use of diverse 
technological skills)  

Technology 
Competencies  

Information, Media, and 
Technology Skills  

Digital-age Literacy  
Information Technology  

Cognitive  
(thinking; the organization 
and creative use of 
information)  

Information 
Competencies  
Thinking 
Skills  

Learning and Innovation 
(Creativity and Innovation 
subset)  

Inventive Thinking  

Social  
(interpersonal and 
intrapersonal skills)  

Interpersonal 
Competencies  
Personal 
Qualities  

Learning and Innovation 
(Communication and 
Collaboration subset)  
Life and Career Skills 
(Social and Cross-Cultural 
Skills subset)  

Effective Communication  

Foundational  
(knowledge in subject 
content)  

Basic Skills  Core Subjects  ------------  

Other Skills  Resource 
Competencies  
Systems 
Competencies  

21st Century Themes 
(civic, financial, business, 
entrepreneurial, 
environmental, and health 
literacies)  

High Productivity  

 

 The framework is categorized into four major constituents of learning: 1) Core Subject 

and 21st Century Themes, which entails all main subjects, financial and global awareness, 
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economic, entrepreneurial literacy and business, health and civic literacy, 2) Learning and 

Innovation Skills, that includes innovation and creativity, problem solving and critical thinking, 

communication and collaboration skills, 3) Information, Media and Technology Skills, which 

consists of media and information literacies, communications, and technology literacy, and 4) 

Life and Career Skills, that incorporates adaptability and  flexibility, self-direction and initiative, 

cross-cultural and social skills, accountability and productivity, responsibility and leadership 

skills (PCS, 2009b). The PCS (2009b) affirms that 21st century learning “requires more than 

identifying specific skills, content knowledge, expertise and literacy” and as a result, they created 

an “innovative support system…to help students master the multi-dimensional abilities required 

of them in the 21st century,” which entails the 21st century criteria, curriculum, assessments and 

the instruction needed for these standards, as well as 21st century professional development and 

learning environments. Figure 1 shows the interrelations of the 21st century Framework. 

 Most notably, the Framework presents a structured format for redirecting educational 

efforts on the thinking skills and processes that the students must have in order to be most 

equipped and successful in today’s challenging world. It is also a system of support and 

accountability for schools to ascertain that they are being “more deliberate about teaching critical 

thinking, problem-solving and collaboration to all students” (Rotherham& Willingham, 2009, p. 

17). 

 Moreover, Jackson (2012) recognized that the challenges that the individuals face along 

with the society in the 21st century, are due to the economic globalization, the diverse and 

interconnected populations, as well as the swift technological exponential growth and changes. 

He further identified that schools are evaluating and rethinking the skills that students nowadays 

need for a better success. They are also developing systems and policies that require students to 
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develop these skills. The literature showed the demand for various skills in order to thrive in the 

21st century and that instructors should develop approaches for pupils to achieve such skills. 

 Nussbaum (2010) stated that globalization is the reason behind teaching and learning the 

21st century skills. Due to globalization, which embraces technological evolutions such as the 

Internet, and appearance of international market places, the world has changed into a global 

community.  

 All of these events force students to learn and keep up with the newest ways of 

communication in this recently formed context. Likewise, Kay (2010) supported the fact that 

learners should acquire 21st century skills to work, think, learn, solve problems, communicate 

collaborate, and contribute efficiently in society. Many approaches have identified the skills 

categorized as 21st century skills. Three main sets of these skills relate clearly to the 

achievement of 21st century skills through worldwide cultural and educational programs: (a) life 

and career skills, which involve cultural competency and global awareness; (b) learning skills, 

which include collaboration and creativity, and (c) technology skills, which include integration 

and communication. 

  The Assessment and Teaching of 21st Century Skills Consortium (2011) also 

acknowledge collaboration, creativity, global awareness and technology as main 21st century 

skills.  

2.3.2 The identification of the specific skills needed for the 21st century applied through 

STEM 

 There are several approaches that help educators design instruction so that students learn 

cooperatively, acquiring both cooperation skills and other 21st century skills (Perkins, 2010). 

STEM is considered to be one of these approaches. The following section will present how these 
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skills will be implemented and developed through STEM. 

 2.3.2.1 Collaboration and the acquisition of learning skills 

 This segment of the literature will concentrate on the 21st century learning skills, that 

include innovation skills, creativity and collaboration into the educational systems. Teachers and 

learners are expected to obtain these skills especially while working in collaborative programs. 

Recently, studies have shown that collaborative projects play a crucial role in the acquisition of 

several learning skills among pupils. 

 STEM education encourages the children to work in groups. While working in pairs or in 

groups, students can share and discuss concepts with their friends in class (Schwartz & Fischer, 

2006). Throughout any group activity, children argue and debate with one another.  

 Collaborative learning gives the learners the opportunity to join group activities and for 

group members to share their ideas with the others, which enhances interactive work between 

children (Schrage, 1990).  

 Likewise, learning skills improved when the children communicated and worked in teams 

during the project. DiBlasi (2011) considered that collaboration is essential to the learning 

process.  The students need to learn the worth of teamwork to be able to develop and foster 

learning skills.  

Children who are busy joining their experiences, not only achieved better results but also 

attained supplementary 21st century skills such as communication.  

The section that follows will emphasize the project-based teaching and its importance in 

applying the 21st century skills. 

 STEM is an approach that combines all the main content standards that were mostly 

instructed separated from each other. Through project based learning the integration of this 
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content is allowed. The integration of technology increases learning opportunities and 

productivity.  Both PBL and STEM allow the students to inquiry and achieve a higher level of 

learning. Technology is the inspiration tool of this process. Additionally, both STEM and PBL 

promote 21st century skills.  STEM integrates the curricular subjects of Science, Technology, 

Engineering and Math. This combination supports authentic learning and allows important 

connections in both PBL and STEM. Technology is also the right channel to the real world, 

disconnecting from the classroom context and dwelling into a real-world learning environment. 

2.3.3 Project-based teaching 

 STEM education reflects a project-based teaching that helps in improving scholars’ 

learning and acquisition of the 21st century skills (Capraro&Han, 2014). Thomas (2000) 

connected project-based learning with other instructional methods. He found that the project-

based teaching improved the education process more. He additionally found that project-based 

learning is a very effective means to implement other additional skills like decision making and 

problem solving. In his research on success, Regan (2009) found that the skills used in 

collaborative work are the most major factors in achievement. When engaged in a project-based 

learning, the children assume responsibility and share it, as well as constructive criticism, 

rationality, and coherence. 

2.3.4 Creativity in a design  

 Besides the collaborative and cooperative skills, children gain extra learning 

competencies through their participation in STEM projects. Trilling and Fadel (2009) stated that 

technologies are utilized to access, generate and analyze new information besides acquiring 

learning skills such as creativity, problem solving and critical thinking. 

 Creativity may be represented in many forms. One form is to create and build a product 
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for a certain purpose by using relevant and adequate information and a variety of digital tools. 

Creating an end product allows the students to apply a number of skills. Czarnecki (2009) 

considered that most skills are learned when the students participate in hands-on end product that 

they construct and build by themselves.   

2.3.5 Technology in developing the 21st century skills 

 This section will tackle the relation between technology and the attainment of the 21st 

century skills. The attainment of the 21st century skills relies on the gaining of technology 

abilities. Technology abilities and skills include integration, social networking, communication 

and using digital devices for educational aims. 

 The attainment of learning skills requires the acquisition of technology skills because 

learning during this digital time is considered unachieved without technology. In a report issued 

in 1998, researchers noticed that the student engagement is enhanced by the use of technology, 

as well their analytical capacities are improved, and high-level thinking skills are applied 

(Rockman Report, 1998). The North American Council for Online Learning presented 

technology as: “the pace at which accessing new information today is shocking when compared 

to earlier decades. In order to succeed in the 21st century, students must be able to use the right 

technologies to analyze, process and present information effectively and efficiently in school and 

life in general” (North American Council for Online Learning, 2005 and the Partnership for 21st 

Century Skills, 2006).  

 Studies done on the role of ICT in education revealed that if new technology and media 

are used during instruction the students’ learning will be boosted (McFarlane, 2003). Using 21st 

century digital tools along within project based learning is a constructive teaching methodology 

for enhancing and implementing critical thinking skills among students (Trilling &Fadel, 2009). 
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2.3.6 Technology into the classroom 

 Professors around the world are concerned with incorporating 21st century competencies 

in classrooms (Lambert, Gong, &Cuper, 2008). This incorporation demands a paradigm change 

in teaching. Cooper (2001) discovered that the technology based learning methods improved the 

students’ learning process. 

 Likewise, Penuel, Kim, Michalchik, Lewis, Means & Murphy, et al. (2001) described 

referring to a study at the Stanford Research Institute International that the children who utilized 

technology in Challenge 2000 Multimedia Project classrooms achieved better results than the 

ones who did not use technology especially in the development of skills such as teamwork, 

problem solving and communication. 

 Hence, the research findings of the previously mentioned studies manifest the importance 

of technology in the evolution of 21st century skills such as learning, communication and 

collaboration. 

2.4 STEM into the garden setting  

 This section presents gardens as a medium for experiential learning and as a place for the 

application of outdoor education. The first part talks about the evolution of school gardens 

throughout history and the role of teachers in applying experiential teaching methods. The next 

part examines the usefulness of inquiry-based and experiential learning and their benefits. The 

final section includes the integration of STEM in a school garden.  

2.4.1 School Gardens throughout history 

 Many educators were supporters of school gardens and mainly outdoor education. Going 

back to the early 1600s, Europeans such as John Amos Comenius conceived school gardens as 

an occasion for kids to appreciate and respect plants and nature. In the 1700s, Jean-Jacques 
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Rousseau viewed nature as the child’s best teacher (Subramaniam, 2002).  

 Europe initiated school gardening programs. In 1811 Prussia, the first mandatory school 

system along with gardening activities was developed. In 1869 having a school garden was 

incorporated in a law. Erasmus Schwab, who was appointed to impose this law, issued The 

Public School Garden in 1871 highlighting that agricultural, vocational sciences and natural 

sciences could be explained in the garden (Sealy, 2001).  

 In the late 1700s to early 1800s, Friedrich Froebel was also one of the most supportive 

proponents of school gardens; according to him learning is important by observing, exploring, 

and basically doing. Subsequently, Maria Montessori, initiator of the Montessori method of 

education, encouraged the use of senses in education (Subramaniam, 2002). Montessori believed 

that gardens had a great effect and impact on children. She stated, “When he (the student) knows 

that the life of the plants that have been sown depend upon his care in watering them…without 

which the little plant dries up…the child becomes vigilant, as one who is beginning to feel a 

mission in life” (quoted in Subramaniam,2002, p. 2). All through history many recognized 

instructors were also advocates of hands-on, experiential and inquiry-based approach. John 

Dewey, the great American teacher and philosopher, was one of the first advocates of 

experimental learning. He understood that education yields best when it starts with the child’s 

personal experience (Raffan, 2000). Hence, and according to all these educators the school 

gardens where outdoor education learning by doing re implemented present positive outcomes 

with the students. 

  Gardens have been incorporated and used in schools in the United States since the late 

1890s and early 1900s (Smith &Motsenbocker, 2005). Henry Lincoln Clapp developed the first 

school garden in 1891. Soon after, school gardens were founded in other places of the United 
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States such as, the George Putnam School in Massachusetts and Roxbury. School gardening soon 

spread nationally. In1993, the American Horticultural Society held its first conference about 

youth gardening that allowed teachers to share and discuss how gardens support the educational 

curricula. 

2.4.2 Experiential Learning 

 With the traditional methods of teaching, students rely on memory and the abstract 

thoughts to acquire science concepts. On the other hand, hands-on learning permits the students 

to take part in the learning process and not only be viewers; hence, they become more active in 

their own learning process. By being active the children will be able to identify with the work 

and give it a personal meaning. It gives the learners the opportunity to engage in in-depth 

explorations with objects, phenomena, ideas and materials and reach an understanding from 

those experiences and inquiries (Haury&Rillero, 1994). Haury and Rillero best noted the 

efficiency of experiential learning in science by saying that science has to be experienced to be 

understood. “By actually doing and experiencing science, students develop their critical thinking 

skills as well as discover scientific concepts” (Haury&Rillero, p. 1). According to the National 

Academy of Sciences, students must experience science from even the earliest grades in an 

appealing form that promotes understanding (Haury&Rillero). In a case study that examined 

hands-on learning behaviors at an elementary school, Miller (2007, p. 14) stated, “experience is a 

powerful learning tool, and children remember hands-on learning.” 

 The experiential approach where teaching happens in a natural setting gives the teachers 

a means to help children, intellectually, emotionally, physically and even spiritually connect with 

the nature around them and internalize their own learning (Miller, 2007). 

 With outdoor teaching, students follow the scientific method as a hands-on and 
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conceptual learning process that underlines reasoning critical thinking, as well as problem 

solving skills. A research completed by Bethel Learning Institute (2005) studied the rates of 

students’ retention based on the teaching methods. The study found that 11% of the students 

retain concepts when lectures, 75% of the students retained concepts when they were learning by 

doing, and 90% of students retained concepts when students taught each other (Subramaniam, 

2002).  

2.4.3 Inquiry-based Learning 

 Inquiry-based learning is an educational approach that focuses more on the learner’s 

questions rather than the teacher’s lessons. In a traditional educational approach, learning 

happens in a structured, curriculum-centered framework. Teachers are considered to be the   

source of knowledge. (YouthLearn Initiative, 2001). Inquiry-based learning projects give the 

learners the chance to choose their own questions and projects (YouthLearn Initiative, 2001).  

 The inquiry-based approach works best when the students apply interdisciplinary projects 

where they use different knowledge or skills in multiple aspects of the same project. Through 

inquiry the students interpret any observed phenomena, rather than memorize and recall answers 

(Haury&Rillero, 1994). Therefore, the children behave as independent apprentices and build 

their knowledge by doing math and science. Students will grasp the concept of pollination if they 

actually see a bee pollinating a flower. 

  “Inquiry strategies tap children’s natural gift of curiosity, especially when they’re 

exploring their everyday world” (Boss, 2001, p. 15). 

 Many social constructivist “minds-on” and “hands-on” approaches recognize the 

importance of teachers and peers in mediating learning (Lewis, 2004) “It is important not only 

that children actively relate what they are doing to their prior knowledge, but also that they 
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become participants in larger groups, where novices can benefit from more experienced 

members and where children take on roles appropriate to their level of understanding” (Lewis, 

2004, p. 2). 

 When hands-on activities are used, schoolchildren will learn the concepts better and will 

be able to apply these acquired concepts into other learning contexts. Besides, inquiry-based 

learning increases the motivation to learn as well as it increases the satisfaction in learning. 

Inquiry-based learning works on mastering competencies and applying independent thinking, 

decision making, and creativity skills (Haury&Rillero, 1994). 

2.4.4 Integration of STEM education in a School Garden  

  Research has found that the early introduction of STEM subjects is a part of effective 

teaching practices that can help in student learning and achievement in other STEM disciplines 

(Hanover, 2012). STEM-integrated approach includes, project-based learning (PBL), hands-on 

instruction, the use of technology-supported learning tools, lab-based learning and application of 

the 5 E Instructional Model. (Hanover, 2012).  

The 5 E model is adopted in addressing inquiry, conceptual change and constructivism in 

a classroom. The 5E educational model emerged in the late 1980’s as a component of the 

Science for Life and Living curriculum created through the Biological Sciences Curriculum 

Study (BSCS) (Bybee&Landes, 1990).  

As reported by Bybee (1997) the efforts of the German philosopher Johann Friedrich 

Herbart, in addition to those of Jean Piaget and Dewey, affected this model (p. 168), which has 

been changed many times from 3E, to 4E, then 7E variations. Due to the influences of 

educational research, the 5E model is grounded in constructivism and is included in research that 

studies approaches for conceptual change (Bybee&Landes, 1990). 
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According to Bybee and Landes (1990), “the objective in a constructivist program is 

often to challenge students’ current conceptions by providing data that conflict with students’ 

current thinking or experiences that provide an alternate way of thinking about objects and 

phenomena” (p. 96). Extended from Karplus and Atkin’s (1967) learning stages of discovery, 

exploration, invention, the 5E model results in conceptual change by having learners “redefine, 

reorganize, elaborate, and change their initial concepts through self-reflection and interaction 

with their peers and their environment…and interpret objects and phenomena” (Bybee, 1997, p. 

176). The outcomes that students must reach through these experiences are described through the 

5E model steps. 

Signs of constructivism are supported within the first engagement phase of the 5E model. 

In this phase, students’ exhibit their prior knowledge of a certain at the beginning then connect it 

to present or future topics. Naturally, the fact that students question any topic they learn captures 

their interest and attention to it (Bybee, 1997). The teacher’s role at this level is important since 

he/she is supposed to “raise questions and problems, create interest, generate curiosity, and elicit 

responses that uncover students’ current knowledge” (Bybee, 1997, p. 178). Probably, this is the 

utmost critical point of the model; if the topic is not well presented, students may not develop the 

needed connections to entirely interact with the material and everything else becomes 

meaningless. 

During the exploration phase, all students are expected to “have common, concrete 

experiences upon which they continue building concepts, processes, and skills” (Bybee, 1997, p. 

177). When all learners share similar activities, they reach a point that lead them to advanced 

discussions and help them connect their experience to previous and future inquiries. The 

instructor’s job during investigation and exploration is to facilitate and encourage group 
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discussions. In a paper written by Bleicher and Lindgren (2005), novice educators agreed that 

this stage is key to the process as they could “explore, discover, investigate, and act like a 

scientist” (p. 69). Additionally, cooperative learning is implemented in this stage, which 

presumably paves the way to rich and deep discussions between students and may create a sense 

of disequilibrium when they begin debating misconceptions and undergo a conceptual change 

during their investigations (Bybee, 1997). 

The core of the explanation phase is “to present concepts, processes, or skills briefly, 

simply, clearly, and directly” (Bybee, 1997, p. 180) and this is where the role of the instructor is 

central. As she/he helps children understand the relations between their interpretations and 

proved science phenomena, several instructional schemes such as software, literature and videos, 

are used. First, children are asked to explain events during the exploration phase and then the 

technical scientific language is presented (Bybee, 1997). On top of sharing their thoughts, 

children are also able to listen attentively and question others’ justifications, which also improve 

their own knowledge. So, it is basically focused on learning science. 

In the elaboration part students are inspired to extend and discuss their understanding of a 

previous scientific idea or concept with what they have experimented in the prior three stages. 

Referring to Bybee’s  (1997) “generalization of concepts, processes, and skills is the primary 

goal of the elaboration phase” (p. 181). To meet this end, the instructor encourages scholars to 

apply formal science expressions as they perform related activities and suggest alternative 

different ways to justify phenomena. Those who continue to have misconceptions or fail to 

adjust their current ideas may be able to do so when learning is extended (Bybee, 1997). 

Compared to other instructional methods, learners’ conceptual understanding and 5 E 

model must be tested at a certain stage there must be a stage which is in the evaluation phase. 
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Even though, informal evaluation usually occurs during the inquiry process, in this phase formal 

assessment is specific (Bybee, 1997). The evaluation of the 5 E model is not a set multiple- 

choice questions. It includes demonstrations, probing questions and open-ended questions or 

demonstrations that lead to a further inquiry. Differently from other forms of evaluation is the 

child’s opportunity to assess his own understanding and position relatively to the learned concept 

in the 5E model (Bybee, 1997). Separately from its foundations and completeness in research, a 

learning model do not “make” children acquire knowledge on their own. “A learning model does 

not prescribe a unique set of teaching sequences and strategies; and a particular teaching strategy 

does not determine the type of learning that will occur” (Hewson, Beeth, & Thorley, 1998, p. 

199).  

Though the 5E model favors offering the experiences that are essential for conceptual 

change, it is best achieved through applying the questioning and inquiry techniques and relying 

on the instructor’s awareness that this model shows effectiveness (Bybee, 1997; Bybee&Landes, 

1990). So, children need the chance to share, confer and argue, with others to validate their own 

explanations and thoughts, which is why cooperative learning is vital for concept attainment in 

science areas. 

 STEM integration promotes positive changes in the quality and value of science and math 

teaching procedures that lead to pupils’ engagement and achievement. School gardening 

promotes the academics and ecology awareness through applying in it STEM related fields 

(Blair, 2009).  

 Having children grow plants on a school campus is extremely beneficial to whoever is 

involved for many reasons. Gardens are nature-based places in which to spend time while 

learning. Gardens are also a way to teach hands-on lessons involving many cross-cutting science 
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concepts included in the Next Generation Science Standards (NGSS, 2013), as explained in the 

previous section. Planning and Engineering design chances are abundant in most garden projects 

especially at the elementary level. Teachers trying to introduce curricula aligned with NGSS can 

benefit from the opportunity to inspire and support the thinking of students in school garden 

programs. Gardening integrates the E, which stands for engineering, in STEM since students are 

supposed to work together like engineers in order to participate in design thinking. This 

empowers the students to be more confident, cooperative, creative, and critical thinkers (Kweck, 

2011). Students who engage in the nature-based learning are likely to connect better to nature as 

adults. A garden- based program allows the learners to practice design thinking in an authentic 

learning context that may affect their futures.  

 Basically, the engagement of the early elementary children’s in gardening is inquiry-

based learning (Bruner, 1975) in which they each can acquire several benefits in most areas of 

STEM education—mathematics, science, engineering, and technology. With STEM the students 

will be more actively engaged in scientific skills such as observation, experimentation, graphing, 

designing, collecting data, ordering, and demonstrating results over a period of time. Blair (2009) 

found that students were so pleased to study and explore in the garden where they also developed 

an improved positive attitude towards schooling in general. Moreover, Blair showed that the 

gardens helped in community building and establishing teamwork as well as a positive 

interaction between children and adults with children.  

Another reason for engaging students in school gardens comes from research about the 

lack of access that children have to natural spaces due to urbanization (Louv, 2008).  It is very 

likely for many children nowadays to spend almost eight hours a day being inactive on the 

computer, the smart phone or watching television (Williams and Brown, 2012). Thus, it becomes 
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mandatory that elementary schools adopt and develop the curriculum of a school garden. 

 Although school garden and their implementation are very well documented, only few 

studies measured the student academic achievement in science and math after taking part in a 

school gardening program. Klemmer (2002) studied and reported the achievement in science of 

almost 650 pupils in the 3rd, 4th, and 5th grade after joining a school gardening program. The 

results proved that children who applied a hands-on school gardening program had achieved 

better science scores than the control group, which did not participate in the unit related to 

ecology and that included the garden program. Klemmer’s (2002) conclusion shows that science 

exploration with the students through gardening is highly tempting to students as being outdoor 

permits for natural interactions to take place among younger and older children.  

 A STEM integrated unit based on school gardening has shown to allow students to 

experience direct interaction and connection with a natural ecosystem that helps them develop 

lifelong curiosity and interest in environmental science. Most of the children live mainly in 

concentrated and condensed populations within our cities and require experiences within open 

spaces where they have the opportunity to be creative and free to observe and explore nature.  

Gardens are the typical places where children can live such experiences as they directly 

connect with the natural world (Blair, 2009). Chawla (2006) is one of many researchers that were 

cited in Blair’s meta-analysis who concluded that kids who were exposed to nature with positive 

experiences grew into more environmentally sensitive adults (Blair, 2009). Another researcher 

assessed several other effective STEM garden programs. It was found that “effective STEM 

instruction provides students with opportunities for hands-on experiences and real-world 

applications of scientific problems” (Hanover, 2012, p.14). Garden-based instruction not only 
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has the ability to boost a STEM program, but it may also increase students’ academic 

achievement in general (Klemmer et al., 2005).   

Consequently, school gardens are perceived as a great potential to improve STEM 

engagement for the elementary school students.  The Hill Elementary School applied an inquiry-

based method implemented in a gardening program which yielded with positive results 

especially in the student academic and social-emotional results (Rye, Slemer, Pennington, 

Vanhorn, Fox, & Kane 2012).  

 Teachers seeking to develop access to integrated-STEM activities can adopt the inquiry-

based teaching methods that engage all students.  According to Bandura (1994), self-efficacy is 

the faith that an individual has in him to do meaningful things. People with a convincing and 

solid sense of self- efficacy prove to be successful problem solvers. Building students’ self-

efficacy by means of integrated-STEM curricula of gardening helps them face and deal with 

problems in life as well as make positive and right choices when they grow up.  

 Students who behave as active learners in a gardening curriculum see the real-life 

requirements while being thoughtful of every day’s problems and solvers who are able to create 

meaningful and appropriate solutions. Therefore, it is mandatory to upgrade this level of inquiry 

that ends up with self-efficacy throughout the elementary school years. Incorporating a school 

garden program within a STEM curriculum gives an opportunity for the teachers to support 

different students to acquire strong STEM self-efficacy in the classroom. This is because the 

learners are directly and completely involved and drawn into the design and planning of the 

garden. As the activities are planned with the students’ interests in mind, gardens can grow into 

interesting projects that capture their interest to solve and explain real-world problems and deal 

with many environmental challenges. Table 2 highlights the domains in which the school 
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gardening program can affect the student’s attitudes towards Science, Technology, Engineering, 

and Mathematics (STEM).  

Table 2 
NGSS (2013) 
 
“Science and Engineering Practices  

Asking questions and defining problems Gardening immerses 

students  

Developing and using models.  

Planning and carrying out investigations  

Analyzing and interpreting data  

Using mathematics and computational thinking  

Constructing explanations and designing solutions  

Engaging in argument from evidence  

Obtaining, evaluating, and communicating information” ( NGSS, 

2013) 

In conclusion, the research literature indicates many positive results on elementary 

students’ achievements and attitudes towards science in general, scientific understanding when 

they take part in a school gardening program. Plus, it is imperative to note that most of the 

researchers’ findings revealed that the learner’s inquiry orchestrated by experiential learning, 

constructivist instructional methodologies such as project based learning (PBL) lead to the 

successful application of the school garden program. 
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Chapter Three 

Methodology 

3.1 Overview 

  This paper reports a mixed method research. A qualitative approach is used to observe 

the students’ interactions and performance and get a deeper insight into their thinking (Creswell, 

2013). This research is used to study whether the STEM gardening activities enhance the 

attainment of science and math concepts and promote the application of the 21st century skills. 

For these means a mixed method is chosen to study the effect of STEM incorporated activities on 

both the students’ 21st century skills and conceptual understanding.  

The question that this study addresses is whether a STEM unit has a definite effect on 

elementary students’ conceptual understanding in science and math and the application of their 

21st century skills. The study is conducted on the premises of a school located in Beirut, 

Lebanon. Two fourth-grade classrooms are instructed over four weeks with a STEM unit plan 

implemented in the garden setting. The two four grade classrooms are divided into an 

experimental group that will apply the STEM based activities as described in details in Appendix 

1 and a control group that will apply traditional lesson planning activities as explained in 

Appendix 2. 

The study follows a mixed research format where qualitative and quantitative data are 

gathered and analyzed. It includes two groups of 25 participants each defined as an experimental 

and a control group. It respects Blair’s (2009) recommendation that later research on the effects 

influences of school gardens would benefit from comprising both qualitative and quantitative 

data. 
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The groups are randomly chosen according to no specific criteria. Gains in students’ 

ability to acquire conceptual understanding in science and math are verified according to 

performance on pre- and post-assessments. 

Children’s observations at work, when performing each lesson’s activity provide 

rich qualitative data. These observations follow a list of criteria listed in appendices A1, A2 

and A3.  The student’s formative tests (Appendices B and C) during the unit as well as the 

end of unit test (Appendix D) are also used as instruments to analyze their conceptual 

understanding and skills based on the criteria explained in appendices A1, A2 and A3. 

Throughout this study, the researcher serves as a teacher in both classrooms, and 

presents all learning moments in class. Lessons are planned as a systematic part of the 

science curriculum; worksheets are given as part of class work and considered as study 

instruments used to highlight and collect data on the 21st century skills revealed by each 

student’s performance. 

3.2 Study Site 

This study will happen in a low socioeconomic status school. This school is chosen as a 

place for this research because it is convenient as it is the school where the researcher will teach 

grade 4 science and math. 

The school has a small garden in the preschool building that only preschoolers use. 

Although all students and teachers have access to this area, the space is rarely utilized by anyone 

other than the preschool teachers and students. 

The study will be conducted during the first months of the academic school year. The 

students will be allowed to regularly visit the garden in a nice weather and go through the 

process of planting and growing the plants. 
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The participants will visit the study site at least three times a week to observe the changes 

happening to the plants and perform all the unit activities. 

3.3 Participants and context 

The students selected in this mixed research are two grade-4 sections with 25 students 

each, divided into a control group and an experimental one. The selection for participation is just 

based on the researcher’s choice and parent permission. The students’ age is between nine and 

ten years old. 

The control group section is taught in a traditional way, following the usual teaching 

methods followed at their school, with no use of garden activities. The other experimental 

section applies the STEM approach through garden activities. The control group will have at 

least two activities in groups in order to study the implementation of the 21st century skills 

amongst the students and compare them with the experimental group. 

The two groups are taught by the same teacher who is the researcher. 

For involvement in this study, children are obliged to have parent permission, accomplish 

pre- and post-assessments, to participate in four educational opportunities and to undergo 

formative and summative assessments (unit test). Every pupil in the two sections met all the 

requirements (N=50). 

Observations are made by the researcher session by session. These observations are 

guided by an observation rubric (refer to appendices A1, A2 & A 3). The observations focus on: 

recording students’ ideas, students’ explanation of concepts, students’ interactions amongst each 

other and their application of the 21st century skills. 

The experimental group will be taken to the garden that is located in the preschool 

building which is a street away from their building. Both the control and experimental groups 
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were never given any academic education in the garden. Many of the children would have visited 

gardens outside the school but never within the school. The students of the control group stay in 

class during all the instructional activities. 

3.4 Procedures 

The field of implementation of this study will take place at the beginning of the academic 

year. Each week, both the control and the experimental groups receive 5 teaching sessions over 5 

weeks and three days. 

The experimental group receives instruction in the garden whereas the control group 

receives it in class. The activities that each group undergoes are explained in details in a unit 

plan. The unit plan divides the lessons according to sessions and includes the description of the 

activities that the students perform in each session (See the appendices 1 &2 for the unit 

outlines).  

Every week the experimental group has at least 3 sessions out of 5 in the garden. When 

they can’t finish the activity in the garden they are taken back to class, seated in groups to finish 

their work. 

At the beginning, during week 1, students of the experimental group are introduced to the 

garden, record their observations in the garden, using only writing and are then assessed; then 

they complete the related worksheets and application exercises, either in the garden or back in 

class in groups. 

Next, during week 2, students are asked to perform some math related activities in the 

garden as they are asked to note their observations with simply drawings. They will be asked to 

find solutions for any problem they encounter during the activity. The observer records the 

slightest behavior of the students and even records the dialogue between them.  
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After that, students have the opportunity to study the effect of water, light and type of soil 

on plant growth during weeks 3, 4 and 5. They always work in groups in the garden, which gives 

the observer the opportunity to evaluate the communication, collaboration, and critical thinking 

skills as part of the 21st century skills.  

During all the activities, students are encouraged to use whatever tool they find helpful 

for achieving their work (e.g. rulers, measuring tape, and scissors). 

As for the control group, the same lessons are taught in parallel with the experimental 

group. The students learn the science and math concepts following the usual instructional 

approaches used by their teacher in class. The teacher delivers the information and students are 

only allowed to ask questions in class as they remain seated in their chairs. The teacher explains 

the lesson using direct instruction strategy every time and students apply what is given to them in 

class. However, they have two activities in groups (scale and types of soil activities), during the 

second and fourth week of the process, in order to compare the application of the 21st century 

skills with that of the experimental group. 

3.5 Instruments 

Three instruments that are used in this study help the researcher in collecting qualitative  

and quantitative data.  

3.5.1 Observations 

Observation field notes, including descriptions of activities, behaviors, actions, 

conversations, interpersonal interactions amongst students, organizational processes, are 

recorded. An observation checklist is developed and filled during the whole experience as well 

as from the students’ work in class when solving the worksheets. This checklist comprises the 

qualitative criteria describing students’ performance of the 21st century skills (communication, 
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collaboration, cooperation, creativity, and critical thinking). The observation checklist is 

developed based on the Partnership for 21st Century Skills (2009) as shown in appendices A1, 

A2 and A3. 

The 21st –century- skills tables (Appendices A1, A2, and A3) are concerned with: 

collaboration skills (Appendix A1), communication skills ( Appendix A2), and creativity and 

critical thinking skills ( Appendix A3) . Each table includes checklists that describe the 

communication process amongst students, their collaboration with one another, the use of 

language, the explanation of the activity, the procedure they undergo, and the results they obtain. 

These checklists assess the acquisition of the 21st century skills based on each of the 4 C’s 

(Communication, cooperation, collaboration, and critical thinking) (Partnership for 21st Century 

Skills, 2009). This rubric checklist is filled according to the field notes and observations taken 

during the implementation of the study and the use of the students’ responses when observed as 

well as the worksheets they complete in class. 

These checklists (refer to appendices A1, A2 and A3) are divided into three columns: 0 to 

indicate that the students in the group did not show any instances of the skill application, 1 

indicating that the students applied it sometimes (at least once), and 2 indicating that the students 

applied it most of the time (more than twice). This method is applied with both the experimental 

group and the control group. 

The researcher analyzes these observations qualitatively. The researcher writes and 

describes the students’ work in details as she periodically approaches the groups closely in turn 

and directly observes what is going on.  This allows the researcher to collect data when the event 

occurs as she directly observes what the students are doing. This process will increase the 

accuracy and validity level of the observations. 
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The data retrieved is analyzed and compared for both groups to check the frequency and 

quality of using the 21st century skills in each group. The researcher fills the table after each 

activity for both groups then compares the students’21st century skills for both groups in each 

activity. 

3.5.2 Formative and summative assessments and activity sheets 

Formative, summative tests and activity sheets are used as instruments in the study to 

measure the conceptual understanding of the students. The students undergo two formative tests 

and a final unit test. Formative test 1 is done toward the end of week 2, formative test 2 is done 

toward the end of week 4, and the final unit test toward the beginning of week 6, at the end of the 

unit. 

A table with the questions included in each test is developed (formative and summative). 

Each question is listed in the table according to what content, concept or skill it measures.  

Appendix B1 shows the concepts that formative 1 addresses. Each concept is referred to 

by the question itself as it is written in the formative. The score of right answer that each student 

gets is noted. 

The same procedure is followed with appendix B2 that lists the skills tested in the 

formative test.  

Appendices C1 and C2 are developed for the concepts and skills evaluated in formative 

2. Appendices D1 and D2 are developed for the unit test.  

The scores of students for each concept and skill are calculated and compared between 

the two groups on each instrument ( Formative1, Formative 2, final unit test and activity sheets) 

as shown in appendices E1 and E2. Then the evolution of the results in these three tests is 

compared to check the performance of the students in the two groups throughout the study.  
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The assessment of instrument will be done according to the answer developed by the 

researcher to each instrument as shown in appendices F1 till F 10.  

3.5.3 Pre- and Post-tests 

Two twelve- task pre-post tests are developed for the study (refer to appendices 3 & 4). 

The test items are modified tasks from the literature review, which are based on the foundational 

concepts in science and math, related to the needs of plant growth. These tests include concept 

inventories to assess students’ preconceptions and to compare the learning gained through the 

research process (Konicek-Moran & Keeley, 2015). These test items are a set of multiple -

choice, true- false questions and open ended- questions that require justification. Moreover, 

concept maps are also used to assess how the students relate a list of concepts to each other with 

and without the STEM incorporation. 

Performance on the pre-test measures students’ conceptual understanding one week prior 

to the study. Students complete the post-test right after the implementation of the unit. The two 

groups have the same pre and post-test questions. 

Both the pre and post-tests are developed according to criteria that measure the 

attainment of conceptual understanding as well as the 21st century skills especially, critical 

thinking. Prior to assessment, the researcher provides each pupil with a copy of the pre-test. 

Students are given 60 minutes to complete the pre-test and are allowed to ask questions. 

The post-assessment is conducted in the same manner. The post-test is administered four 

weeks after the study ends. Students are given 60 minutes to complete the post-test and are 

allowed to ask questions. 

The concepts and skills addressed in both the pre and the post-test are listed in 

appendices 3a, 3b for the pre-test and 4a and 4b for the post-test. The data collected from the two 
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tables are compared and analyzed using a t-test analysis.  

The Assessment Rubric is specifically created for this study and is validated for 

reliability and validity by a colleague science teacher and a science researcher. The student is 

considered to successfully attain either the skill or the concept if he /she manages to get more 

than half the questions correct (for instance if the total of questions testing the living/non-living 

concept is 6 then the student should have a minimum of 3 out of 6 answers correct).  

 The assessment rubric was modified several times before issuing its final version. Both 

pre and post-test will be piloted before being given to the students. In order to check the wording 

of the questions, their ambiguity and reliability a pilot study is achieved by choosing a small 

group of five grade 5 participants who are asked to sit and complete the pre and post-test on two 

different days out loud.  The researcher takes notes on everything they say, reviews them and 

improves the questions based on these notes.  

A statistical analysis will be based on repeated measures data. The data will be 

quantitative since the researcher will be dealing with numbers. There are two treatment groups 

(control and experimental), so the appropriate method will be conducted for each of the seven 

concepts and two skills. 

The result of the t- test will be a t- score and a p-value. If the p-value is less than 0.05 

significance level, then we will conclude that there is a statistically significant difference 

between the treatment groups. In addition, summary statistics will be computed including mean 

and standard deviation. 

3.6 Controlling bias of qualitative data 

 Since the researcher is the same person performing the observations measures to avoid 

bias are to be followed.   
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 While collecting qualitative data, the researcher tries to follow an objective observation. 

The researcher interferes the least when students are at work as well as having stick to the 

designed criteria created to control subjectivity in observation. 

3.7 Ethical considerations 

Ethical concerns were taken into consideration throughout the study with regard to access, 

confidentiality and consent. 

The following ethical plans were abided by during the research period: 

1. IRB approval  

2.The wellbeing and dignity of children were cared for at all times. 

3. The aim and objectives of the study as well as the procedures were explained to everybody 

taking part in the research; 

4. Respect of confidentiality throughout the study and the researcher got the pupils’ consent to 

use their real names in the study. 

5. The parental consent form was obtained prior to the study. 

6. The school consent was obtained prior to the study. 
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Chapter Four 

 Results 

4.1 Introduction 

The purpose of this paper was to study the effects of applying the integrative STEM 

approach on fourth grade students’ science and math conceptual understanding as well as the 

application of the 21st century skills.  

The STEM approach is implemented outdoors in the garden context for two fourth-grade 

classes of 25 students each assigned as a control and an experimental group.  

This chapter will present the analysis of data collected during the study.  

The study addresses the following questions:  

1. “ In which ways do STEM instructional approaches affect the conceptual understanding 

in science and math?” 

2.  “Does the implementation of school garden STEM activities promote the application and 

the development of the 21st century skills of communication and critical thinking?” 

Quantitative and qualitative data were collected to tackle the concerns of the research 

questions. The quantitative data were collected using two instruments: 1) the worksheets, 

formative and summative assessments conducted throughout the study, and 2) the students’ 

responses to pre/post tests to measure conceptual understanding in science and math as well as 

the application of the 21st century skills. The qualitative data collected consist of observation 

notes recorded by the researcher throughout 18 out of 22 sessions based on a list of criteria 

discussed in chapter 3. The four sessions that were not observed were assessment sessions. 

Following, are the results obtained from the quantitative and qualitative data respectively in 
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two sections. After the discussion of thedata analysis techniques and results, a summary will be 

provided. 

4.2 Quantitative Data Analysis 

4.2.1 Worksheets, Formative and Summative assessments 

Students who participated in the study had to complete five worksheets, two formative 

tests (to be names Formative 1 and Formative 2) and one summative test, and a pre- and post-

tests. The tests included questions that evaluated science and math acquisition of concepts as 

well as the development of communication, critical thinking and problem solving skills. The 

questions of each assessment tool were coded and tagged to the concepts and to the cognitive 

skills that they test. Cooperation and creativity skills are evaluated during observations and not 

through the tests. 

The questions that assess the concepts in Formative1 are listed in a table shown in 

appendix B1. The questions that assess the communication and critical thinking skills are listed 

in a table shown in appendix B2. The same distribution is followed with Formative 2 (where 

concept questions are listed in appendix C1 and skill distribution is listed in appendix C2) and 

unit test (where the list of concept questions are listed in appendix D1 and that of the skills in 

appendix D2). 

The concepts in Formative 1 are distributed over six questions. These concepts are five as 

follows: 

- Living and nonliving beings, with one related test question 

- Needs of plants, with one related question 

- Properties of geometrical shapes, with one related question 

- Perimeter, with one related question 
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- Area, with one related question 

- Scale, with one related question 

The concepts are distributed through seven questions.  

The skills included in formative 1 are: 

- Communication, with three related questions 

- Critical thinking and problem solving, with three related questions  

Formative 2 assesses only one concept (the needs of plants) covering all the needs (water, 

air, light and soil), with six related questions. 

The questions are five, one of which is multiple-choice, and one concept map.  

The skills included in formative 2 are: 

- Communication, with four related questions 

- Critical thinking and problem solving, with four related questions  

The concepts that the unit test includes are four as follows: 

- Living and nonliving beings, with one related test question  

- Needs of plants, with 14 related questions 

- Area, with one related question 

- Scale, with one related question 

The concepts in the unit test are distributed through 17 questions, among which nine 

are multiple-choice questions.  

The skills included in the unit test are: 

- Communication, with four related questions 

- Critical thinking and problem solving, with three related questions  

The concepts in the unit test are distributed through 17 questions, nine of which are 
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multiple-choice questions.  

The skills included in the unit test are: 

- Communication, with seven related questions 

- Critical thinking and problem solving, with seven related questions  

The concepts in the pre- and post-tests are distributed through 18 questions including 

multiple-choice, true-or-false and open-ended questions.  

The concepts that the pre- and post-tests are six as follows: 

- Living and non-living beings, with six related test question  

- Needs of plants, with eight related questions 

- Area, with one related question 

- Properties of geometrical shapes, with two related questions 

- Perimeter, with two related questions 

- Scale, with one related question 

The skills included in the pre- and post-tests are: 

- Communication, with ten questions 

- Critical thinking and problem solving, with 15related questions  

The concepts and the skills that the five worksheets test are included in the table of 

concept distribution in appendix E. 

4.2.2. Quantitative Data Analysis method  

 The scores obtained from concepts were analyzed first, then the scores obtained from the 

skills, each apart. All the instruments used are consequently divided into concepts and skills. 

Students’ answers related to each and every concept and skill were analyzed in the 

formative assessments (Formative 1 and Formative 2), activity sheets, unit test, pre and post- 
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test, separately for the experimental and the control groups. The work was divided into phases as 

follows:  

First, each question was analyzed and labeled according to the concept and/or skill it 

addresses (as shown in tables 3a & 3b (refer to appendices E1 &E2). 

Each of the two 21st century skills, Communication and Critical Thinking, was broken 

down into more specific abilities, to facilitate their attribution to questions and their scoring. 

Concepts and abilities were studied, corrected and scored according to answer keys related 

to the each and every instrument (refer to appendices F 1 till F 10 for answer keys).  

In phase two, each concept and ability was then tracked throughout each instrument and 

joined in a common table to study their evolution throughout the study (refer to appendices E3 & 

E4).  

Control and experimental groups’ scores for each concept and each ability were later 

collected, compared and studied for conceptual understanding and the evolution of the skill’s 

abilities across the different assessments. Then a table of comparison of the scores for both, the 

experimental and control groups was developed with the concepts and abilities (refer to appendix 

E5 and Table 4). If one concept was found in more than one instrument then the average scores 

on each instrument were added and divided by the number of instruments in which they appear.  

 Later, a global t-test was performed with the data retrieved from the pre and post-tests.  

 In order to study the attainment and evolution of conceptual understanding, students’ 

scores in the control and experimental groups were compared, using the concept distribution 

sheet, concept by concept. The same method is followed for the application of the 21st century 

skills and their abilities.  
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Table 3a 
 Scores by question by concept in Formative1 for the control group 
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1 1   0   0.5   0.5 0   0   0 
2 1   0.5   0.5   0.5 0.5   0   0.5 
3 1   0.5   0.5   0.5 0   0   0 
4 1   0.5   0.5   0.5 0   0   0.5 
5 1   1   0.5   0 0   0   0 
6 1   0.5   0.5   0.5 0   0   0 
7 1   0   0.5   0.5 0.5   0   0 
8 1   0   1   0 0   0   1 
9 1   0.5   1   0.5 0   0   0 

10 1   0   1   0.5 0   0.5   0 
11 1   0.5   0   0.5 0   0   0 
12 1   0.5   1   1 0   0   0.5 
13 1   0   1   0 0   0.5   0 
14 1   0.5   1   0 1   0   1 
15 1   0   1   0.5 0   0   0 
16 1   0.5   1   0.5 0   0   0 
17 1   0   1   0.5 1   0.5   0 
18 1   0.5   1   0.5 0   0.5   0 
19 1   0   1   0.5 0   0   1 
20 1   0.5   0   0.5 0   0   0 
21 1   1   1   0.5 0   0.5   0 
22 1   0   1   0.5 0   0   0.5 
23 1   0.5   1   0.5 0   0.5   0 
24 1   0.5   1   0.5 0   0     
25 1   0   1   0.5 0   0   0.5 

to
ta

l 
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e 25   8.5   19.5   11 3   3   5.5 

Legend: Q : question 
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Table 3b 
Scores by question by ability in Formative1 for the control group 
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1 1   0 0   0.5   0.5   0 0   0 
2 1   0.5 0.5   0.5   0.5   0 0   0.5 
3 1   0.5 0.5   0.5   0.5   0 0   0 
4 1   0.5 0.5   0.5   0.5   0 0   0.5 
5 1   1 1   0.5   0   0 0   0 
6 1   0.5 0.5   0.5   0.5   0.5 0.5   0 
7 1   0 0   0.5   0.5   0 0   0 
8 1   0 0   1   0   0.5 0.5   1 
9 1   0.5 0.5   1   0.5   0 0   0 

10 1   0 0   1   0.5   0 0   0 
11 1   0.5 0.5   0   0.5   0 0   0 
12 1   0.5 0.5   1   0.5   0 0   0.5 
13 1   0 0   1   0   0 0   0 
14 1   0.5 0.5   1   0   0 0   1 
15 1   0 0   1   0.5   0.5 0.5   0 

 

 The tests and activity sheets included multiple-choice, true-or-false and open ended 

questions. Open ended questions are evaluated according to whether the students got the right 

answer on the computation, showed and clearly explained their work according to the answer 

key (refer to appendices F1 till F 10). The multiple-choice and true-or-false questions were 
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evaluated according to whether or not the student got the right answer and gave a right 

justification as per the answer key (refer to appendices F1 till F10). 

 4.2.2.1 Concept analysis 

 The concepts included in the instruments used are: 

 Concept 1: living/ non-living beings 

Concept 2: needs of living things 

Concept 3: properties of geometrical shapes 

Concept 4: perimeter 

Concept 5: area 

Concept 6: scale 

Table 4 below shows the scores of the students in the six tested concepts for the 

experimental and control groups. 

The results listed in table 4 reveal the following: 

 Concept 1 (living and nonliving beings): the students’ scores of the two groups are very 

similar throughout the study. A slight difference exists in the post-test where the scores in the 

experimental group are greater than those of the control group by two. The results show that a 

slight conceptual understanding happened with concept 1.  
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Table 4 
Average Concept scores control vs experimental group 
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Living/non
-living  ctrl  12 25 25           25 16 
Living/non
-living  exp 12 25 25           25 18 
                      
Needs of 
plant 
growth ctrl 10 10.5 8.5   10 12.5 10.5 15 15.5 13 
Needs of 
plant 
growth exp 13 20.5 12.5   19.5 17 21 

21.
5 19 19.5 

                      
Properties 
of 
geometrical 
shapes ctrl 

11.
5   19.5 14           17.5 

Properties 
of 
geometrical 
shapes exp 

12.
5   18 20.5           20.5 

                      
Perimeter 
ctrl 12   11 10.5           12 
Perimeter 
exp 12   16 21.5           17 
                      
Area ctrl 2   3 6.5         8 5 
Area exp 2   9.5 10.5         17.5 16 
                      
Scale ctrl 0   5.5 4           6 
Scale exp  0   13 16           13 

Legend: ctrl stands for control group 
   Exp stands for experimental group 
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 Concept 2 (needs of living beings) the scores show improvement and a considerable 

difference between the control and the experimental groups. The scores collected for the control 

group barely increased throughout the study. However, the scores of the experimental group 

improved widely from the beginning till the end of the study. Moreover, there is a gap between 

the control group scores and the experimental group scores. The experimental group scored 

higher than the control group.  

 Concept 3 (properties of geometrical shapes): scores for this concept show consistency 

with the control group and improvement with the experimental group. Even though the two 

groups’ scores were close at the beginning of the study, the experimental group showed a better 

conceptual understanding of this concept.  

 Similarly with concept 4 (Perimeter), results show stability with the control group 

throughout the study but improvement with the experimental group. Scores show that the 

perimeter conceptual understanding improvement occurred with the experimental group but did 

not occur much with the control group since the students’ scores did not improve much.  

Concept 5 (area): a considerable difference is noticed regarding this concept. The scores 

collected for the control group show a very slight attainment of the area concept, whereas the 

results collected for the experimental group show that students achieved better results with the 

area concept and a better concept attainment.   

Concept 6 (scale): the control group students’ scores show a very slight concept 

attainment throughout the study; however the experimental group students’ scores reveal a 

positive concept attainment as there is a considerable difference between the scores at the 

beginning and the end of the study. 

 



61 
 

 4.2.2.2 Skills and abilities analysis 

The study tackles two of the 21st century skills throughout the instruments: the 

communication skill and the critical thinking skill. Each skill is broken into abilities as shown in 

appendices A2 and A3.  

Table 5 shows the abilities of the communication skill as tested by the instruments.  
 

Table 5 
Communication ability average scores control vs experimental group 
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Ability  1: 
organize data and 
information in 
written 
presentations  
(ctrl )   10 25 8         19   
Ability  1: 
organize data and 
information in 
written 
presentations  
(exp)   12 25 19         21   
Ability 2: explain 
their work in 
written ( ctrl) 8   5.5   10 11 10.5 15 15 11.5 
Ability 2: explain 
their work in 
written  (exp) 7.4   13   

19.
5 15.5 14 21.5 21 17 

Legend: ctrl stands for control group 
Exp stands for experimental group 
 

The communication ability “to organize data and information in written presentations is 

tested in activity sheets 1 and 2, in Formative 1 and in the unit test. The results show that there is 
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improvement in the application skill with the experimental group since the scores improved 

positively throughout the study; however, the results show just a slight improvement with the 

control group at the beginning, then a stability throughout the study. 

Moreover, communication ability “to explain their work in writing” is tested in activity sheets 3, 

4 and 5, in pre and post-tests, in Formative1 and the unit test. Results show that the control group 

students achieved a very slight improvement at the level of this ability, which is not the case with 

the experimental group, where the scores are significantly higher between the beginning and the 

end of the study.  

Table 6 shows the average scores of the critical thinking skill as tested throughout the 

instruments.  

Table 6 shows the following results: 

Critical thinking ability 3 to “select appropriate tool or task for completing a task” is 

tested in Formative1, Formative2 and unit test. The scores reveal inconsistency with the control 

group but a steady improvement with the experimental group throughout the study.  

Critical thinking ability 4 “to use concept mapping skills” is tested in the pre- and post-

tests as well as Formative1, Formative2 and unit test. Scores show a considerable difference 

between the control and the experimental groups. The scores of the control group show a little 

improvement but the scores of the experimental group show a remarkable improvement 

throughout the study. 

Critical thinking ability 5 “to use their own ideas to solve a problem” is tested in pre-test 

activity sheet 4 and post-test. Scores reveal a slight improvement with the control group and a 

better improvement with the experimental group throughout the study.  

Critical thinking ability 7 “to find a solution to an open-ended question or problem” is tested 
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in pre-test activity sheet 3 and post-test. Scores don’t reveal any change for the control group, 

while they show wide improvement with the experimental group throughout the study.  

Table 6 
Critical thinking ability average scores control vs experimental group 
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Ability  3 : select 
appropriate tool or 
method for completing 
a task (ctrl)      19.5     9.3     17   
Ability  3 : select 
appropriate tool or 
method for completing 
a task (exp)      19.5     16     20.5   
                      
Ability 4: use concept 
mapping (ctrl) 3   6     21.5   15.5 19 13 
Ability 4: use concept 
mapping (exp) 6   12     24   21.5 27 20.5 
                      
Ability 5 : Use their 
own ideas to solve a 
problem (ctrl) 9           11     15 
Ability 5 : Use their 
own ideas to solve a 
problem (exp) 9           14     17 
                      
Ability 7: find a 
solution to an open 
ended question or 
problem (ctrl) 9.5       14         10 
Ability 7: find a 
solution to an open 
ended question or 
problem (exp) 10       29.5         19 

Legend: ctrl stands for control group 
             Exp stands for experimental group 
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4.2.2 Pre and post-test comparisons 

The pre and post-test scores are compared using t-tests. The t-tests compare the mean 

change-in-percent-correct between the post-test and the pre-test scores for both, the control and 

the experimental groups (refer to appendices E6 & E7). For each student, the percent correct on 

the items measuring the concept in the pre-test is calculated (as shown in tables 7a & 7 b). 

 This process is repeated for the items measuring the concept on the post-test. These 

percentages were subtracted to determine the change in understanding as a result of the 

intervention. This is repeated for all concepts/skills and for both groups. As a result, each student 

in each group has a change-in-percent-correct for each concept/skill. 

There were ten concepts/ skills. Ten t-tests were conducted. The mean for the control 

group was tested for a significant difference from the mean for the experimental group. 

 4.2.2.1 Analysis of the t-test scores by concept 

The analysis of the t-test scores by concept will help answering the first research question 

addressed in the paper: Do STEM instructional approaches affect the conceptual understanding 

in science and math? Hence, independent t-tests were conducted for each and every concept 

tested. 

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for learning concept 1(living/ non-living beings). There was no significant 

difference between the concept 1 scores for STEM garden instruction (M = 23.3, SD = 24.0) and 

the concept 1 scores for traditional instruction (M = 14.7, SD = 15.5); t(48) = 1.51, p = 0.068.

 These results suggest that STEM garden instruction does not have a significant effect on 

conceptual learning of the living versus non-living beings concept. This may be due to the fact 

that the living and non-living beings concept is a concept that students have been tackling since 
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very early grade levels; as early as grade one. 

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for learning concept 2 (needs of living beings). There was a significant 

difference between the concept 2 scores for STEM garden instruction (M = 26.8, SD = 14.6) and 

the concept 2 scores for traditional instruction (M = 13.7, SD = 15.7); t(48) = 3.07, p = 0.001. 

These results suggest that STEM garden instruction has a significant effect on conceptual 

understanding of the needs of living things. Specifically, STEM garden instruction increases the 

learning of the needs of living beings concept. 

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for learning concept 3 (properties of geometrical shapes). There was no 

significant difference between the concept 3 scores for STEM garden instruction (M = 32.0, SD 

= 28.4) and the concept 3 scores for traditional instruction (M = 24.0, SD = 25.5); t(48) =1.05, p 

= 0.150. These results suggest that STEM garden instruction does not have a significant effect on 

learning the properties of geometrical shapes concept. The results may be due to the fact that 

most grade 4 students have a reasonable understanding of geometrical shapes and their properties 

from the earlier math lessons. 
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Table 7a 
 Concept 3 percentage change, control vs experimental group and t-test 
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properties of 

geometrical shapes) : 
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Concept 3 ( properties 
of geometrical shapes) 

: experimental 
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 1 1 2 
 

2 2 
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 2 1 1 

 
2 2 
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 3 1 2 
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50 50 
 4 1 2 

 
1 2 

 
50 50 

 5 1 2 
 

1 2 
 

50 50 
 6 1 2 

 
1 2 

 
50 50 

 7 1 1 
 

1 1 
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 8 1 2 

 
1 2 

 
50 50 

 9 1 2 
 

1 2 
 

50 50 
 10 1 1 

 
1 2 

 
0 50 

 11 1 1 
 

1 2 
 

0 50 
 12 2 2 

 
1 2 

 
0 50 

 13 0 1 
 

0 2 
 

50 100 
 14 0 1 

 
1 1 

 
50 0 

 15 1 2 
 

1 2 
 

50 50 
 16 1 2 

 
1 2 

 
50 50 

 17 1 1 
 

1 1 
 

0 0 
 18 1 1 

 
1 1 

 
0 0 

 19 1 1 
 

1 1 
 

0 0 
 20 0 1 

 
0 1 

 
50 50 

 21 1 1 
 

1 2 
 

0 50 
 22 1 1 

 
1 2 

 
0 50 

 23 1 1 
 

1 1 
 

0 0 
 24 1 1 

 
1 1 

 
0 0 

 25 1 1 
 

1 1 
 

0 0 
       

 
    

    total 
score 23 35 

 
25 41 

 
24 32 Mean 

       
25.4951 28.4312 StD 
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t-Test: Two-Sample Assuming Equal 
Variances 

     Variable 1 Variable 2 
Mean 24 32 
Variance 650 808.3333 
Observations 25 25 
Pooled Variance 729.1667 

 H0 difference 0 
 Df 48 
 t Stat -1.04745 
 P(T<=t) one-tail 0.15007 
 t Critical one-tail 1.677224 
 P(T<=t) two-tail 0.30014 
 t Critical two-tail 2.010635   
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Table 7b 
 Critical thinking ability 3 percentage change control vs experimental group and t-test 

 

  

Critical thinking 
Ability 4 :  
use concept 
mapping                

  Ctrl Ctrl Ctrl   Exp Exp Exp   

  Pre (1) 
Pos
t (1) 

% 
change   Pre (1) 

Post 
(1) 

% 
change   

Student                 
1 0 1 100   0 1 100   
2 0 1 100   1 1 0   
3 0 1 100   1 1 0   
4 0 1 100   1 1 0   
5 0 1 100   0 1 100   
6 0 1 100   0 1 100   
7 0 1 100   0 1 100   
8 0 1 100   0 1 100   
9 0 1 100   0 1 100   

10 0 1 100   0 1 100   
11 0 0 0   0 1 100   
12 0 0 0   0 1 100   
13 0 0 0   0 0.5 50   
14 0.5 0.5 0   0.5 0.5 0   
15 0.5 0.5 0   0.5 0.5 0   
16 0.5 0.5 0   0.5 1 50   
17 0.5 0.5 0   0.5 1 50   
18 0 0 0   0 0.5 50   
19 0 0 0   0 0.5 50   
20 0 0 0   0 0.5 50   
21 0 0 0   0 1 100   
22 0 0 0   0 1 100   
23 0 0 0   0 0.5 50   
24 0.5 0.5 0   0.5 0.5 0   
25 0.5 0.5 0   0.5 0.5 0   

                  
      40 mean     58 mean 

      50 
stdde
v     42.5245 

stdde
v 
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t-Test: Two-Sample Assuming 
Equal Variances     

  Variable 1 Variable 2 
Mean 40 58 
Variance 2500 1808.33333 
Observations 25 25 
Pooled Variance 2154.167   
Hypothesized Mean Difference 0   
Df 48   
t Stat -1.37116   
P(T<=t) one-tail 0.088351   
t Critical one-tail 1.677224   
P(T<=t) two-tail 0.176702   
t Critical two-tail 2.010635   

 

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for learning concept 4 (Perimeter). There was a significant difference 

between the concept 4 scores for STEM garden instruction (M = 19.0, SD = 33.3) and the 

concept 4 scores for traditional instruction (M = 0, SD = 22.8); t(48) = 2.35, p = 0.011.  

These results suggest STEM garden instruction has a significant effect on the conceptual 

understanding of the perimeter concept. Specifically, STEM garden instruction increases 

learning of the Perimeter concept. 

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for learning concept 5(Area). There was a significant difference between 

the concept 5 scores for STEM garden instruction (M = 56.0, SD = 36.3) and the concept 5 

scores for traditional instruction (M = 12.0, SD = 26.1); t(48) = 4.92, p < 0.001.  

These results suggest that STEM garden instruction has a real effect on the conceptual 

understanding of the Area concept. Specifically, STEM garden instruction increases learning of 

the Area concept. 

An independent-samples t-test was conducted to compare STEM garden instruction and 
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traditional instruction for learning concept 6 (Scale). There was a significant difference between 

the concept 6 scores for STEM garden instruction (M = 52.0, SD = 42.0) and the concept 6 

scores for traditional instruction (M = 24.0, SD = 35.7); t(48) = 2.54, p = 0.007.  

These results suggest STEM that garden instruction has a significant effect on the 

conceptual understanding of the scale concept. Specifically, STEM garden instruction increases 

the learning of the Scale concept. 

 4.2.2.2 Analysis of the t-test scores by skills 

The analysis of the t-tests scores by skills will help answering the second question 

addressed in the paper: Does the implementation of school garden STEM activities promote the 

application and the development of the 21st century skills? 

Independent t-tests were conducted for the communication and critical thinking abilities 

as tested in the pre and post-tests. 

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for developing students’ communication ability 2 to explain their work in 

writing. There was a significant difference between the ability 2 scores for STEM garden 

instruction (M = 38.4, SD = 14.2) and the ability 2 scores for traditional instruction (M = 16.0, 

SD = 6.90); t(48) = 7.10, p <0.001. 

These results suggest that STEM garden instruction has a significant effect on promoting 

communication as a 21st century ability. Specifically, STEM garden instruction increased the 

application of communication skills and allowed students to explain their ideas and work in 

writing. 

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for developing students’ critical thinking ability 4 to use the concept 
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mapping to show their understanding. There was no significant difference between the ability 4 

scores for STEM garden instruction (M = 58.0, SD = 42.5) and the ability 4 scores for traditional 

instruction (M = 40.0, SD = 50.0); t(48) = 1.37, p = 0.088.  

These results suggest that STEM garden instruction does not have a significant effect on 

promoting students’ skill to use a concept map to show their understanding, which may be due to 

the complexity of concept mapping and to the fact that concept mapping is a higher-order skill 

where students have to relate all their knowledge logically in a map.  

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for developing students’ critical thinking ability 5 to use their own ideas to 

solve a problem. There was a significant difference between the ability 5 scores for STEM 

garden instruction (M = 34.3, SD = 12.6) and the ability 5 scores for traditional instruction (M = 

28.1, SD = 10.1); t(48) = 1.92, p = 0.030.  

These results suggest that STEM garden instruction has a significant effect on promoting 

critical thinking, one of the most important 21st century skills. Specifically, STEM garden 

instruction increases the application of the students’ critical thinking ability to use their own 

ideas to solve a problem. 

An independent-samples t-test was conducted to compare STEM garden instruction and 

traditional instruction for developing students’ critical thinking ability 7 to find a solution to a 

question. There was a significant difference between the ability 7 scores for STEM garden 

instruction (M = 37.0, SD = 10.3) and the ability 7 scores for traditional instruction (M = 13.1, 

SD = 14.8); t(48) = 6.62, p < 0.001.  

These results suggest that STEM garden instruction has a significant effect on promoting 

students’ application of the critical thinking ability to find a solution to a problem. 
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4.3 Qualitative Data Analysis 

The analysis of the qualitative data is based on the observation notes recorded by the 

researcher during each session throughout the study, in both, the experimental and control 

groups. These observations are studied and analyzed according to the checklists and rubrics of 

the 21st century skills and abilities developed in appendices A 1 till A 3.  

Later, these notes are analyzed again to detect how each one of them reflects the targeted 

research questions. This is done through the color-coding strategy where the researcher 

highlights the example or evidence that shows the application of each skill with a different color. 

1. Do STEM instructional approaches affect the conceptual understanding in science and 

math? 

2. Does the implementation of school garden STEM activities promote the application and 

development of the 21st century skills? 

Following is the analysis, session by session, then a global analysis and synthesis are 

included. 

4.3.1 Experimental group observational notes by lesson by session 

4.3.1.1 Lesson 1: Exploring the garden context 

Sessions 1, 2 &3: 

 In lesson 1, while discovering the components of a garden, students of the experimental 

section worked in groups to explore the dimensions of the garden. They joined efforts to be able 

to work in groups and try to find the accurate measurements of the garden saying “ let each one 

of us take one side of  the garden and take its measurements; then one of us sits and draws what 

we find”.  Students in each group actively listened to one another. Each one explained to the 

others in the group their ideas orally as well as in writing.  They were able to explain to each 
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other the components they found in the garden while exploring it. For instance, when a child 

found that there were some roots in the soil, another child answered explaining to him that these 

must belong to plants that were once in the soil. Then they used many tools to help them with 

their inquiry, such as a magnifying lens, as shown in figure 1. 

 One group faced a problem not having a meter stick. They all discussed the problem and 

decided to use their rulers instead for measurements.  

 

 

 

 

 

 

 

 

 

Figure 1: Student using a magnifying lens to observe garden components 

Another example is when they were asked to draw an object according to scale they 

choose. The students found this challenging and were discombobulated since this was the first 

time they learn the scale concept. However, they could find out a solution and figured out that 

“instead of using the cm as unit of measure they can use the mm” and some students even said 

that they “represent each cm by a square” on the sheet they were using. This was even reflected 

in the application sheet later on as shown in figures 2 &3 below.
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Figures 2& 3: Sketching scale 

While taking measurements and finding the right scale to use, one of the students said: 

“Ah wow! We can now have a fence around this garden to protect it, then plant as many plants as 

we want.” The researcher interfered and asked the student to elaborate. The student continued: 

“we can simply measure all the sides of the garden then add them all up then get a fence of the 

same measurements; this way we can protect our little garden”. Then the student helped his other 

friends understand the concept of the perimeter, as well as addition and multiplication. 

One challenge faced the groups during these sessions, which was the shape of the garden. 

One group was discussing what shape is the garden saying:  

Student 1: this garden has definitely a square shape 

Student 2: do you think so? No I guess it is more a rectangle. 

Student 3: yes, I agree with student 2 it is more a rectangle. 

Researcher: what can you do to prove your point? 

Student 1 & 4: measure 

Researcher: great go ahead and share what you find out. 
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This incident helped the students communicate and share their ideas out-loud, solve their 

problem and collaborate to prove their point, thus reach a conceptual understanding of the 

properties of geometrical shapes.  

In conclusion, during these three sessions, students had the chance experiment with the 

concepts of geometrical shapes, perimeter, dimensions, scale, living and non-living beings. This 

was reflected in the application session when they went back to class to solve the worksheets as 

shown in figures 2 & 3 above. 

Moreover, the discussions documented show that students applied the communication, 

collaboration and problem solving skills. 

4.3.1.2 Lesson 2: Water and plant growth 

Sessions 4, 5 & 6:  

In these sessions students of the experimental group had to experiment on the effect of 

water on seed germination. They were taken to the garden and once there, they divided 

themselves according to the pre-set groups.  

Students agreed together to get the seeds ahead of time, which can be considered as a sign 

of collaboration. They planted seeds in different spots of the garden and started discussing the 

steps of the activity. 

Student1: let us plant the seeds in here and you water it  

Student 2: but we all know the at seeds  

Student 3: I will put the water I have in my bottle  

Student 4: you mean that you will use all the water you have? 

Student 3: yes why not 

Researcher: you try to discover  
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So on day one, students planted the seeds in different spots and watered them with 

different amounts of water. A challenge faced the students during these sessions. The challenge 

was that they were supposed to test the effect of different amounts of water on plant growth, and 

three students approached the researcher to ask a common question: “how can we know how 

much water we need to put for each seed?” 

Researcher tried to guide them by asking: “can’t you use your bottles simply? 

Student: “no” 

Researcher: “why?” 

Student: because no measurements are included” 

Researcher: ok great and what will you do then? 

Student: we use measuring cups. 

Researcher: great go ahead. 

This is when students discussed their ideas and decided to use measuring cups and 

followed the directions of the activity sheet as shown in figure 4 below. 

 

Figure 4: Students collaborating and using measuring cups 

In this situation, conceptual understanding was shown, especially when students were 

testing how much water a plant needs. While doing this experiment the students were trying to 
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explain “how can they find the total amount of water when it is already absorbed by the soil?” 

then collectively and after discussing the problem with their group, most of them suggested the 

idea to use measuring cups that help them calculate the total amount of water, which allowed 

them to gain conceptual understanding in math about measurements.  

Children were able to use adequate computational skills (such as converting, adding, and 

subtracting) while performing this experiment. Moreover, when the seeds that were overwatered 

did not germinate students successfully concluded that the seeds will not germinate if they are 

overwatered, especially after their visit to the garden and checking the planted spots every day, 

observing and recording their observations. 

Hence, this activity helped students build their conceptual understanding about the effect 

of water on plant growth as well as apply the 21st century skills by collaborating, sharing ideas, 

solving challenges throughout the work, testing different ideas, delivering their ideas 

successfully to one another joining their efforts to solve problems. 

4.3.1.3 Lesson 3: Light and plant growth 

Sessions 8, 9 &10 

In these sessions students of the experimental group had to explore the effect of light on 

plant growth in groups. They were asked to plant seeds in sunny and dark spots. This activity 

was extended on a whole week since the results take some time to show. 

On the first day student went to the garden to pick the right location to plant the seeds. 

They agreed on the location by sharing the reasons why they chose the different spots saying: 

“What about planting our seeds in here? Now it is 11 o’clock and the sun is strong. The 

seeds that need to be exposed in the sunlight need to be put here and we need to cover the others 

with a box or a cup or something that blocks the rays of the sunlight”. 
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They went all to work sharing the tasks. A group of students planted seeds in a sunny spot 

and others made sure to plant seeds next to the first spot, but covered it as shown in figure 5. 

 

Figure 5: Students searching for sunny and shady spots in the garden 

Few days later, students observed that the seeds they planted sprouted differently, and 

they started inquiring about the reasons, saying to one another:  

Student1: look, our plants look different.” 

Student 2: yes I can see so. The ones exposed to light are green and the other ones are 

white. 

Student 3: yes all the seeds that grew in the shadow grew white. 

Student 4: and all the ones that grew in the sunlight grew green 

All together: so the sun is the reason why plants are green. 

This sample conversation happened among a group of students. Children were regularly 

observing that some of the hidden seeds grew whitish. All kids were intrigued by their 



79 
 

observations: “why are these plants white? How did they sprout in the first place? Then 

collectively they reached a conclusion that “light affects the color of the pants and helps it stay 

green” and the conclusion they reached and conceptual understanding were also reflected in the 

worksheets they filled, as shown in figures 6 & 7. 

 

Figures 6&7: Effect of light worksheet 

Like the previous activities, the light experiment helped students reach a good conceptual 

understanding about the effect of light on plant growth and this was clearly shown in the sample 

conversation that took place between students. Moreover, the more hands-on work students were 

faced with, the more skills students applied. For instance, they used drawings to organize their 

data and refer to garden spots as shown in figure 8 below, as an indication of communication and 

problem solving skills. 
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Figure 8: Sample drawing of marking spots in the garden 

 

4.3.1.4 Lesson 4: Types of soil and plant growth 

Sessions 11 till 16 

During these sessions students went to the garden, picked some soil and observed its 

texture. Then they were given other types of soil to explore and compare. When students went to 

the garden to pick soil, they got tools with them to help them dig into the soil. But they faced a 

problem, which is that the soil was hard to turn. 

They started sharing this amongst them and came up with the solution. 

Student 1: guys, the soil is hard. Can someone help me? 

Students: sure 

Student 2: it is really hard 

Student 3: I guess we can solve this out by adding some water 

Students: ah yeah it is working 

Then students performed an experiment in class, whereby they compared the soil they 

picked in the garden to other types of soil. They tested how each type of soil behaved in the 

presence of water. This was a new experience for them. In order to perform the experiment, the 
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groups shared responsibilities: one student poured water, another student put the soil in the cup, 

another one recorded observations and the last one calculated the time that water takes to drain. 

When the experimental steps were done, students collectively reached a conclusion that 

water drains differently according to the type of soil. They even started making connections to 

their real life saying: 

Student 1 “ah that’s why my grandfather has different soil in his garden.” 

Student 2: what do you mean? 

Student 1: whenever I visit my grandfather’s garden I notice that he mixes different types 

of soil. He once told me why but I forgot. Now I understand more. 

The conversation above indicates that students understand more and build their 

conceptual knowledge through hands-on experiences using tools, making mistakes and 

correcting them. The application of STEM with the experimental group offered a chance to 

children to build and adjust their conceptual understanding. 

Another performed experiment in this lesson was to inquire about the time that water 

takes to drain in three different types of soil. Students performed the experiment in class in 

groups. Each group was given the materials and the participants followed direction to set up the 

experiment. Participants were discussing the activity amongst them and a sample conversation is 

provided below: 

Student 1: let us divide tasks amongst us 

Student 2: ok let us see. Here we have different types of soil, cups funnels and water 

Student 3: ok then student 1 you prepare the set up; fine by you? 

Student 4: ok 

Student 4 started building the set-up and student 1 was helping him. In the meantime the 
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other two students were co helping pouring the water into each set up and one student was 

managing the time and recording his observations as shown in figure 9.  

 

Figure 9: Students dividing roles in the experimental group 

They were all talking about the experiment throughout the procedure.  

Student 1: wait; let us give time for the water to drain 

Student 2: what do you think will happen if we pour water in a quick way? 

Student 1 & 3: let us try 

When students tried, the water dripped out of the cup and they started shouting. 

Researcher: guys take it easy and try to solve your problem. 

Student 2: let us get tissue papers and clean up.  

All together, they cleaned the mess. 

Student 3: let us wait now to see how long the water takes to drain in each cup.  

When the water drained, students discussed the experiment saying: 

Student 1: ah wow! Look! water behaves differently in each type of soil 

Student 2: yeah! It went down quickly in the sand 
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Student 3: it is taking so much time in clay. will it ever go down? 

Student 1: I guess it is taking so much time but this must be because the particles are so 

close to each other. 

Student 2: yes and the sand‘s particles are not close to each other. 

Here, the conversation showed that, while doing the activity, students worked together to 

complete and succeed the task, joined their efforts to contribute and help achieving the 

experiment, and shared responsibilities in the team, which are all abilities of the collaboration 

skill. Moreover, they explained ideas to one another, which is a sign of communication and used 

their ideas to solve a problem and tested them to check the right one, which is a sign of critical 

thinking skill. 

They also showed acquisition of conceptual understanding when, for instance, they 

related the speed of water drainage to the size and closeness of particles (concept of density). 

4.3.2 Control group observation notes by lesson by session 

The observations made with the control group were obviously and distinctly different 

than those of the experimental group. 

The teacher (who is the researcher) followed a different approach, which is the traditional 

teaching approach, whereby students were kept in class receiving instruction through a teacher-

centered approach. The teacher explained all the input throughout the lessons. However, students 

had to perform two group activities with two lessons, just to compare the students’ interactions in 

a group work context to that of the experimental group. The group work was performed in two 

lessons: effect of light on plant growth and types of soil and plant growth.  

4.3.2.1 Lesson 1: Exploring the garden context  

Sessions 1 to 6: 
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The teacher explained the concepts of living and non-living beings to students then gave 

them a handout to read individually and solve the related worksheet. In these sessions, the 

instructional objectives related to the living and non-living beings, the properties of geometrical 

shapes, area, perimeter and scale. 

The teacher explained the activities then students solved worksheets individually. 

During the explanation, students were simply listening and participating when the teacher 

asked a question. However a small number of students showed willingness to participate (only 

five to eight students out of 25). 

When the explanation phase was done, students were asked to individually solve the 

sheets. This is where most of students started asking questions like: 

- What are we supposed to do? 

- Should we answer referring to the document or from our knowledge?  

In the meantime, the teacher was circulating in class to observe what each student was 

doing. Almost half of the students were working hard and trying to finish the worksheet, while 

the other half was distracted and playing with their pens, papers or whatever class gadget they 

can get. The researcher had to interfere in this case to ask students to focus on their work. The 

ones who were trying to finish the work correctly were asking many questions such as: 

- Can we use tools such as the ruler? 

- Can we use a calculator? 

This was the case during three sessions.  

The answers to the worksheets were collected and studied. Students’ answers were very 

concise, no elaboration (As shown in figure 10); only few students elaborated and explained the 

ideas in complete sentences (only 5 out of 25). Most of them didn’t even show their work in the 
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computation exercises (as shown in figure 11). Only four out of 25students got the area and scale 

right.  

   
Figure 10: Concise answers of the control group        Figure 11: No elaborated answers 

 The observations conducted during the first six sessions show that students did not 

achieve conceptual understanding. This was reflected in the kind of questions they asked. 

Moreover, the collaboration skill was not observed in the control group during the six sessions, 

since the work was done individually.  The use of critical thinking and problem solving abilities 

was also minimal since the kids’ answers were so concise, they didn’t explain their ideas fully, 

didn’t use any new ideas to solve a problem they faced, especially with the scale concept. They 

also showed very little interest while trying to solve a problem. This lack of interest was 

observed when they were distracted most of the time. 

4.3.2.2 Lesson 2: Water and plant growth 

Sessions 8 & 9 

During these sessions students were shown two plants in class and asked to describe 

them. In this activity most of the students were engaged. They were eager to answer all the 



86 
 

questions asked by the teacher and were enthusiastic to differentiate the characteristics of the two 

different plants. Some of them (five out of 25) tried to move from their place claiming that they 

cannot see well and tried to touch the plants. The researcher allowed them to do so. 

Meanwhile, the teacher was asking guiding questions and explaining that the plant that 

didn’t grow and died needed water. Then students were given handouts to read and solve a 

related worksheet afterwards.  

Once the discussion ended, students were given the handout and asked to read it 

individually. Meanwhile the teacher allocated time and asked them to solve the sheet once done 

with reading. Some of the students appeared to be focusing on the reading, others were totally 

distracted (almost ten out of 25). Few students asked questions while reading. Three students 

asked about the meaning of the word “nutrient” that was mentioned in the text. When done 

reading, some students went to solve the worksheet straight afterwards; others were getting 

distracted and tried to do something else. The teacher had to intervene and ask these students to 

finish their work. 

Ten out of the 25 students solved the worksheet by writing elaborate answers, while the 

other fifteen didn’t. Some of them even wrote illogical answers as shown in figure 12. 

 

Figure 12: Sample of an illogical answer (control group) 



87 
 

Lesson 2 revealed that students were interested when the teacher demonstrated two 

plants, which shows that they needed to get engaged in activities and use their senses to explore 

their surroundings, instead of dealing with abstract ideas. However, this activity was not enough 

to help students gain conceptual understanding or apply the 21stcentury skills. This was clearly 

detected in the students’ answers in the collected worksheet, as shown in figure 12. Students’ 

answers were not clear, too concise and did not include explanations.  

4.3.2.3 Lessons 2&3: Light and plant growth 

                                  Types of soil and plant growth 

Sessions 10 to 18:  

In these lessons, students of the control group were asked to work in groups to test the 

effects of light and type of soil on plant growth. They performed the group activity in class. 

In both lessons, similar events happened.  

The teacher distributed the materials to the groups and explained the steps of the activity 

and asked the students to divide themselves into groups. Children started fighting about who will 

be with whom in the same group. This fighting scene led to a chaos in class and students started 

wasting time, which obliged the teacher to intervene and divide children into groups randomly. 

Each group was given the materials and once again they started fighting over the roles, 

who will take the material, who will do the experiment and who will do the writing. The 

researcher didn’t intervene. She just sat and observed how the problems were to be solved. 

Two groups out of the other five solved the problem by communicating and explaining 

one to the other what they were supposed to do saying: 

Student 1: listen we need to see who takes care of the material and who writes and who 

does the experiment 
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Student 2: yes I will write 

Student 3: I will be the one to read the steps and help you in getting the material you need 

Students 4 & 5: we will do the experiment 

Then students started to perform the experiment step by step. One was reading and the 

others were making sure that the steps were done correctly. 

The other groups ended up having only one or two students on task, while the others lost 

interest and started some games. 

The related worksheets were solved in groups. Students’ answers show more details and 

elaboration, even though the sheet was done by only two out of five students of the group. The 

answers show that students worked together, discussed and communicated their answers before 

writing them, as shown in figures 13 & 14 below. 

 

Figure 13: Sample 1 of elaborate answers of control group 
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Figure 14: Sample 2 of elaborate answers of control group 

Hence, the group work done in the last two lessons allowed students of the control group 

to apply some abilities of the collaboration skill whereby three out of five groups worked 

together and joined their efforts to finish the task given and the sheets. They also applied the 

communication skill by explaining ideas to one another as they showed interest in solving a 

problem.  

Conclusion from observation 

In conclusion, the observation field-based notes focused more on studying those skills 

according to rubrics described in appendices A1, A2 and A3. The rubrics allowed the researcher 

to focus the observations on the manifestations of each one of the 21st century skills. 

The garden was the place where students of the experimental group clearly applied the 



90 
 

collaboration, communication, critical-thinking and creativity skills. The learning activities that 

students of the experimental group explored required elaborate problem solving abilities, 

especially critical thinking and creativity. While collaborating, students were observing the 

details around them. They were eager to explore and discuss their findings. They would even 

come as a group to ask the teacher a question.  

 For example, when students were asked to sketch the garden, they were challenged to do 

so by the teacher. They took the initiative to solve the problem and came up with a solution. 

They were able to reach the idea that they would consider 1 cm as 1mm and sketch the garden 

accordingly. They started asking the “what if questions” such as “what if we use the mm instead 

of the m; then we want to discover what happens if we try”. One group tried to sketch the garden 

keeping the cm as unit of measure, but when they discovered that it did not fit on the paper, they 

managed to use the small square side of the grid on the paper as a unit of measure.  

While performing all garden activities, students were able to select the appropriate 

technology tools most of the time; for example, they used the ruler instead of the measuring tape, 

and they used the chart and wooden sticks to locate the planting spots in the garden.  

 

Figure 15: Using cling film  Figure 16: Using metal shovels 

Students of the experimental group were mostly creative when they had to create their 
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own garden beds. This is where they used all the techniques possible to them in order to prepare 

the garden bed. They even created a solution for the water leakage by protecting their bed with 

cling film (as shown in figure 15). They even figured out a way to help them collect soil from the 

garden by getting small metal shovels and creating tools that facilitated their work (as shown in 

figure 16). 

Students of the control group sat for group work only twice: while exploring the effect of 

light and types of soil on plant growth. 

At the beginning, children did not show any interest in working together. Most of the 

groups (three out of five) ended up working as individuals. They only shared the reading activity. 

One person completed the worksheet and the rest of the group was off-task. Most of the children 

showed no interest or effort in helping their classmates. The high achievers in the class ended up 

finishing the whole work. 

When the children were involved in group work they fought over sharing roles. It took 

them around ten minutes of the activity in order to be able to agree on sharing roles and 

responsibilities. They always referred to the teacher to solve their problems. They were not 

cooperative while working in groups. Some students just sat passively waiting and watching, not 

motivated to participate. They only asked questions related to the sheet and waited for the 

teacher’s reply. When they got their answer from the teacher they finished their sheet, not even 

asking any further questions. It was clear that they only focused on finishing the worksheet task 

rather than understanding what they were doing. Even when they presented their work in class 

they showed a non-cooperative attitude by fighting over the presenter’s role. 

This was not the case when discovering the types of soil and watching a video afterwards. 

Students talked together about the video and discussed it. However, when the discussion about 
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the video ended and the students had to complete a worksheet, they showed the same behavior as 

in the previous activity. They were distracted and showed no interest in helping their friends or 

in finishing the worksheet. When the students were presenting their work, only the one who 

accomplished the work presented it. 

Students of the control group communicated what they needed to do only at the 

beginning of the activity while reading, then lost interest quickly and were bored. The student 

who was solving the sheet continued the activity sheet, while the others were off-task.  

However, in the second group work activity, the students shared their ideas about the 

video they watched with enthusiasm at the beginning. When they had to prepare for the 

presentation, most of the students in the group lost interest and were distracted.  

 Moreover, creativity and critical thinking were rarely observed with the control group 

since they were asked to apply tasks in a traditional approach. 
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Chapter Five 

 Discussion, Implications,  

Limitations and Recommendations 

 By using a mixed-method research methodology using both, quantitative and qualitative 

research methods, this paper described and studied the effects of using a STEM approach on 

fourth-grade students’ conceptual understanding of science and math, as well as the 21st century 

skills in a unit on the needs of plants as living things in the garden setting. 

The study addresses the following research questions:  

1. Do the STEM instructional approaches affect the conceptual understanding in science 

and math? 

2.  Does the implementation of school garden STEM activities promote the application and 

development of the 21st century skills? 

 In concluding the research study, this chapter will present results in relation with the 

literature review. Moreover, it will present implications for practice and provide suggestions for 

future research. 

5.1 Discussion of Research Findings 

The quantitative results for achievement showed that there was a variation in results 

when analyzing the scores of the instruments used: activity sheets, formative and summative 

assessments, pre and post-tests. 

 Children in both, the experimental and the control groups, showed inconsistent results 

across all the instruments. The results presented in chapter IV show the evidence that 

conceptual understanding occurred with the control group for the concepts of “needs of  
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livingbeings”, whereas a non-significant change happened with the other concepts, “ living 

/non-living beings, properties of geometrical shapes, perimeter, area and scale”. The scores 

with these concepts were not consistent as they regressed with the application of the study 

revealing no real conceptual understanding.  

On the other hand, the conceptual understanding scores of the experimental group were 

different. The concept of living and non-living beings didn’t show any progress, which may be 

due to the fact that students have already been tackling this concept since the very early 

grades, as early as grade one. However, the progress was significant with the concepts of 

“needs of plant growth, properties of geometrical shapes, perimeter, area and scale”. The 

scores reveal that the conceptual understanding was highly revealed in the experimental group 

and that the STEM approach did increase the students’ conceptual understanding scores in at 

least five out of six concepts, from the beginning till the end of the study. 

As per the 21st century skills, students of the experimental group scored significantly 

better than those of the control group. 

In the first communication ability, the scores of the control group improved from the 

beginning till the end of the study, which may be due to the fact that students got used to 

organize the data and information in writing throughout the whole learning process. 

Improvement also occurred with communication ability 2 whereby students showed 

improvement towards the end of the study.  

However, students of the experimental group scored higher that the control group and 

their scores improved significantly at the end of the study. This indicates that the STEM 

approach within the garden context allowed students to apply their communication skills and 

improved across the intervention.  
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As per the critical thinking abilities, the scores of the control group were inconsistent. 

One time they progressed and the other time they regressed. For instance, critical thinking 

ability 3 to select appropriate tools to complete a task showed regression along the process. 

Critical thinking ability 4 to use concept mapping showed improvement; however, half of the 

class did not achieve it. With students’ ability 5 to use their own ideas to solve problems, 

students made progress. However, with ability 7 to find a solution to an open ended problem, 

they did not score any improvement at all. Globally, the results of the control group show that 

slight improvement occurred with the critical thinking, and progress was mainly noticed when 

students of the control group performed group work activities.  

 Scores of the experimental group were different. When students scored high at a 

certain ability such as ability 3 to select appropriate tools to complete a task, they kept this 

high score throughout the activities. When they scored low, as in abilities 4, 5 and 7 to 

respectively use concept mapping, use their own ideas to solve a problem, and find a solution 

to a problem, their scores significantly improved at the end of the study.  

The t-test results related to concept acquisition matched the results collected from other 

instruments, except for concept 3 (properties of geometrical shapes), which may be interpreted 

by the fact that students are used to solve the properties of geometrical shapes in written tests, 

but not in experiential approach such as in the authentic STEM approach.  

The t-test results related to skill development showed that the experimental group 

scored better than the control group, which shows that the STEM approach promoted the 

application and development of the 21st century skills. Hence we can say that the STEM 

approach in the garden had a positive effect on the communication and critical thinking skills. 
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The qualitative analysis showed that the STEM approach in the garden increased 

engagement and performance. Data retrieved from field notes, and children’s artifacts revealed 

evidence to the application of the 21st century skills. Appleton (2012) described involvement in 

science and mathematics by the manner and intensity of participation in the learning tasks. This 

was reflected as the experimental group children were making meaning of the learning 

experience and interacting physically with their environment, which intensified their 

engagement in the learning activities. The collaborative work between students helped in 

enhancing the students’ cognitive processes, whether they worked collectively or individually.   

 The pupils showed that they were able to manipulate and monitor tools to acquire deeper 

understanding of the needs for plant growth and other concepts.  

The garden was viewed as a real-world milieu where learners learned and applied 

science, mathematics, and engineering concepts (Haury&Rillero, 1994). The children were 

engaged physically with the aim of gaining knowledge to solve the engineering design 

situation. Being active also allowed the children build a community and exchange knowledge 

and ideas.  

Students were divided into groups. Collaboration allows children to address multiple 

perspectives, various skills and different information (PCS, 2008).  The research done 

showed that learners benefited from the collaboration process of the implementation. Students 

investigated and explored concepts, which supports the results from the quantitative data that 

was collected. 

 Children in the experimental group were focused on the tasks they were executing and 

were able to develop the appropriate skills, based on their previous knowledge. They showed 

constant learning focus by maintaining discussions, drawing graphic organizers, talking and 
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reflecting on the progression of the work. Evidently, collaboration offered the students a safe 

environment for more productive work. 

The recorded observations revealed that children began this process by changing from 

passive to active learners. Such a shift helped students manipulate their own learning. In 

addition, the design thinking offered the students the opportunity to take control of their 

learning.  Design thinking leads to critical thinking, innovation, and creativity to solve 

problems, and communication (Carroll, 2007).  

The project-based approach deepened children’s understanding by allowing their 

inquiry and initiative to act. Intersection of results from quantitative and quantitative analyses 

confirmed that when children are self-directed, they acquire ownership of their learning along 

with the development of their skills. 

5.2 Limitations  

 One of the limitations for this study is the fact that we cannot generalize the findings. It 

was implemented with a specific group of students. 

Another limitation is that the researcher should be knowledgeable with nature topics and ready 

for students’ different kinds of questions as well as have gardening experience. 

5.3 Connections to Literature 

 STEM is an approach of interest worldwide.  Chapter 2 highlighted studies that showed 

the relation between STEM and conceptual understanding, STEM and the 21st century skills and 

STEM in the garden.  

 In the research reviewed in Chapter 2, there were resemblances between former studies 

and some parts of the current one.  A similarity between previous studies and this study was the 

findings of strategies, processes or products that increase proficiency and interest in STEM 
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disciplines and concepts. Hanover (2012) asserts that scholars who participate in STEM 

activities show higher performance results in science and mathematics.  An additional similarity 

between the studies shows growth in learners’ performance and skill application.  For instance, 

Carparo& Han (2014) contended that STEM is a project based learning approach that improves 

the learning process.  

 Another main finding of the current study is that children were more interested with 

hands-on and physical activity. Miller (2007) states that learning by doing grabbed the children’s 

attention and involved them in significant learning opportunities.  Children in this study keenly 

engaged in real gardening activities.  

 The collaborations among students make the social activities relevant. DiBlasi (2011) 

explains that when children understand their goal collectively, significant discussions result in 

the effort of making sense of what their experiences offer.  Mutually, the groups decided on 

strategies and on the components that they needed to solve the problem or challenge. 

 Dewey argues that learners can be critical of the things or everything around them.  

Throughout an interrelated sequence of reflections and procedures, children discussed and 

explored ways to enhance their problem solving skills. The whole experience encouraged 

students to take responsibility and control for their own learning.  Hence, students became active 

learners instead of being passive receivers. 

 While exploring an engineering design experiment, children achieved research 

independently with the purpose of finding solutions to problems that they faced throughout the 

study.  Through the STEM approach, students applied the project-based learning activities; they 

were empowered to perform autonomous research in order to achieve both conceptual and 

practical understanding of science and math concepts.   
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 When children played the role of gardeners, they were able to apply problem solving 

skills. They employed the engineering design, planned and built their final garden bed project. 

The STEM approach that used engineering design processes offered an integrated method for 

pupils to develop higher-order critical thinking competencies. For example, students explored 

many solutions to prevent water leakage from their garden beds, until they decided to use nylon 

tapes or laminations. 

5.4 Implications for Practice 

The purpose of this research study was to investigate the effect on the students’ 

conceptual understanding in science and math, and on the development of their 21st century skills 

when using a project-based, integrative STEM unit in the garden setting. 

 The implications for practice introduce the examination on the design of the STEM 

learning space and integration of disciplines throughout teaching. Kweck (2011) describes many 

important characteristics that must be present in today’s STEM classrooms.   

 Today’s classroom should respect the fact that children nowadays communicate 

differently from previous generations.  Integrated technology should be incorporated to 

encourage small group work as well as individual learning. The educational approaches should 

support the learners’ needs and curiosity.  

 The integration process, in this study, applies the STEM approach. By definition, STEM 

is a design-based approach using technology and engineering to teach science and mathematics 

content.  This research has explored the application of this model in the garden. With the 

findings of this study, schools should be motivated to apply the STEM approach in their 

curricula as well as benefit from the outdoor spaces for this end.   

5.5 Perspectives for Future Research 
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The results of this study suggest that a STEM unit in gardening may help improve student 

learning in science and math as well as in the application and development of the 21st century 

skills. Further research is suggested, including that which integrates other content areas such as 

reading within STEM disciplines or integrating computer technology at the elementary level.    

Another possibility for future research may be to help teachers learn to design integrated models 

of instruction such as STEM. This process could be a form of professional development used to 

help teachers develop skills and beliefs needed to successfully implement STEM integration in 

K-12 classrooms.  Researchers could study teacher beliefs, attitudes and thinking throughout the 

process of planning and implementing an integrated unit of instruction.  If a reflective journal 

was kept by the teacher, insights gained would add to the literature towards developing an 

integrated learning model of instruction that could possibly lead to future teacher development.  

5.6 Conclusion 

 Even though STEM is a new educational approach, it was evident that it enhances 

conceptual understanding and the 21st century skills. Gardens as well present an appropriate 

environment for the STEM implementation. 

Hence, it is crucially important to integrate the STEM approach in the school garden to 

make it part of the school culture, whereby many instructors can use it in their teaching, and 

where students gain greater knowledge and information. To achieve its fundamental goal for 

benefitting children, a school garden should be valued and used as a setting for learning and 

teaching across all levels.    

 Unlike some other instructional approaches and mediums, STEM in the garden produces 

worthwhile outputs; Successful integration of STEM in the school garden provides the 

enthusiasm for the students and enhances their learning. 
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Appendix 1 

STEM Unit plan 

Grade level: Grade 4 

Unit Title: Non-living factors of a garden and essential needs of plant growth in a garden. 

Purpose of the unit 

 This unit has been structured in a manner to develop lesson plans that bridge STEM and 

gardening. Its purpose is to teach natural sciences with the garden as a classroom. Through the 

lens of STEM thisunit will tie into enriching the elementary current garden curriculum. 

Objectives are derived from the Next Generation Science Standards (NGSS) in Science and 

Mathematics. 

How might this be possible, tying STEM and gardening? And why – what is the purpose? Every 

scientist, be it an architect, a civil engineer, and gardener understand the purpose and design 

required before building begins. In a STEM-garden lesson, children might research garden 

design to eventually design their own garden site. Through the use of technology and the 

activities followed in this unit to design gardens or even study the needs and conditions to build 

an extension for a garden. Students would need to understand which plants need more light and 

what type of soil. Children might also examine the components of garden design.  

Why tie STEM to gardening? Learners need to be ready for the 21st century. STEM education 

builds the skills and tools needed to prosper in a science and technology ruled world. Since The 

STEM field continues to grow to meet demands of a challenging era, mastery of STEM is 

correlated to college success. Connecting the components of STEM with gardening brings more 

awareness to the value of green space and a natural avenue to STEM and allows the children to 

have a direct tie to everyday life. 
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The lesson plans and the activities that are included in this unit will require students to explain 

and describe concepts and phenomena about the biotic and the essential abiotic factors of a 

garden needed for plant growth. In order to make the topics more relevant to children, "real 

world"context and problems will be mostly included in the lessons. The activities and content 

outlined in this unit are well chosen to let children enhance all the skills and understandings 

necessary to implement STEM activities through a project based learning implemented into a 

garden context and practice the 21st century skills through cooperation, collaboration, 

communication, critical thinking and creativity. 

General requirements 

 This unit will last for 5 weeks and three days including assessment sessions and final 

STEM project presentation sessions. These four weeks will be expanded through lesson plans, 

activities, handouts and formative assessment. A pretest and a posttest will be to assess the 

acquisition of the main concepts of the unit before and after the implementation of the activities. 

Grade level: Grade 4 

Unit Title: Non-living factors of a garden and essential needs of plant growth in a garden. 

Instructional goals: In this unit the students will review the concept of living and nonliving 

things in the garden. They will also explore the effect of some non-living factors of a garden 

(water, sunlight and soil) in the seed germination and plant growth. The children are exposed to 

opportunities that allow them to physically apply what they learn about in the classroom to their 

life. Gardening is an entertainment means to get students think critically and apply their 

academic knowledge. Any garden can help strengthen a child’s understanding of what the 

components of a good garden are, how these components help them grow the plants…. 

Gardening activities presented in this unit can instill in students the life skills of responsibility 
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and patience by connecting children to nature. It is also a source where children practice and 

enrich academic concepts.  

Instructional objectives: As a result of this unit the students will be able to: 

- explore and become familiar with the layout of the garden using their five senses 

- describe the components of garden 

- list the living and non-living things that exist in a garden 

- draw the map of a garden 

- predict the effect of water on plant growth in a garden. 

- observe how water affects the growth of a plant in the garden. 

- determine the amount of water needed for the growth of the plants in the garden. 

- gain an understanding that the amount of water affects the plants growth in the garden. 

- observe the effect of light on plants.  

-  describe how sunlight affects the plant. 

- explore the components of the soil with their senses. 

-  explore the different types of soil with their senses. 

- predict and compare how water passes through different soil types. 

- experiment with different soil types by germinating and growing plants. 

- design a garden 

- take measurements and create a garden 

- apply mathematical concepts of perimeter and area in designing the garden bed. 

- build a simple garden bed. 
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Scope and sequence: The following scope and sequence table shows the list of the sessions tackled in the unit with the corresponding 

NGSS standard, objectives and a brief description of the lessons 

Session NGSS standard lesson Objectives Description 

1, 2& 3 - “Make observations 

(firsthand or from 

media) to collect 

datawhich can be 

used to make 

comparisons” ( 

NGSS, 2013) 

 

-“ Develop a simple 

sketch, drawing, or 

physical model to 

illustrate how the 

shape of an object 

1 

Exploring the 

garden 

- Use their senses to explore and 

become familiar with the layout 

of the garden 

- describe the components of 

garden 

- list the living and non-living 

things that exist in a garden 

- draw the map of a garden 

- calculate the area and perimeter 

of the garden. 

 

The students will in groups : 

- go the school garden. 

- explore the whole space in 

groups. 

-  list the components of a garden. 

-  measure the length and width of 

the garden beds. 

- calculate the area and perimeter 

of garden beds. 

- sketch a garden. 
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helps it function 

as needed to solve a 

given problem.” ( 

NGSS, 2013) 

4, 5& 6 “Construct an 

argument that plants 

and animals have 

internal and external 

structures that 

function to support 

survival, growth, 

behavior, and 

reproduction” ( 

NGSS, 2013) 

2 

 

Water and plant 

growth 

- predict the effect of  water on 

plant growth in a garden. 

- Gain an understanding that the 

amount of water affects the 

plants growth in the garden. 

The students will  

- in groups water plants in the 

school garden differently , with 

different amounts of water 

- observe how the different 

amounts of water affect the plant 

growth. 

- communicate and record their 

observations. 

7   

 

FORMATIVE Assessment  
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8 till10  “Construct an 

argument that plants 

and animals have 

internal and external 

structures that 

function to support 

survival, growth, 

behavior, and 

reproduction”( 

NGSS, 2013) 

3 

Light and plant 

growth 

- observe  and experiment the 

effect of light on plants.  

- describe how sunlight affects 

the plant. 

 

The students will: 

- go to the garden 

- in groups search for sunny and 

dark spots in the garden. 

- plant seeds in a sunny spot and 

water them 

- plant seeds in a dark spot and 

water them. 

- observe the effect of light on 

plant growth  

- communicate and record their 

observations 

11 till 

16 

- Construct an 

argument that plants 

4 

 

- Explore the components of the 

soil. 

The students will: 

- go to the garden 
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and animals have 

internal and external 

structures that 

function to support 

survival, growth, 

behavior, and 

reproduction. 

 

-Make observations 

and measurements to 

identify materials 

based on their 

properties 

 

Types of soil and 

plant growth 

- Use their senses to explore the 

different types of soil 

- Compare how water passes 

through various soil types. 

- Experiment with different soil 

types by germinating and 

growing plants. 

 

 

- pick some dirt from the garden 

- get different sample of soil types 

to the garden. 

- observe different types of soil 

- describe each and every type of 

soil 

- compare and communicate their 

observation of the types of soil. 

- perform an experiment how each 

type of soil infiltrates water. 

- measure how fast water passes 

through each type of soil. 

- describe, compare and 

communicate how fast water 

passes through each type of soil. 

- experiment how each type  of soil 
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affects the seed germination and 

plant growth. 

- observe and record their 

observation about the seed 

germination in each type of soil.  

17   FORMATIVE Assessment  

18 till 

21 

“Develop a simple 

model based on 

evidence to represent 

a proposed object or 

tool” ( NGSS, 2013) 

5  

STEM 

project  

- design a garden 

- take measurements and create a 

garden 

- apply mathematical concepts of 

perimeter and area in designing 

the garden bed. 

- build a simple garden bed. 

 

The students will: 

- review the activities done in class. 

- go to the garden. 

- link the activities done in class 

into designing a garden bed. 

- decide upon the spot they will use 

to put the garden beds. 

- measure the width and the length 

of the garden bed. 

- fence the area of the garden bed 
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after calculating the area and eh 

perimeter, 

- start planting in the garden bed 

according to the plant seeds 

discussed. 

 

22   UNIT TEST  
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Instructional content 

 This unit is structured in a manner that builds the students’ understanding of the needs of 

plant growth concepts in a garden setting.  This unit contains seven lessons outlined to teach 

children how plants grow in different environments. They will experiment with the basic needs 

of plants, including water, air, light and nutrients. The unit aims to use hands- on activities to 

discover that plants have needs and help the students gain the skills and attitudes necessary for 

their care.  At the end, these lessons will help the students design their own garden as the final 

STEM project of this unit. Each lesson will include the 5 Es (engage, explore, explain, extend 

and evaluate) upon which students are going to be guided. 

 The unit will begin by defining and describing what the main components of a garden 

are, both living and non-living.  Then the needs of plant growth will be explored by the students 

in the school garden setting. They will be able to observe, communicate, collaborate, compare 

and infer that plants need water, appropriate type of soil, air and light to grow well. 

Once the needs are covered, the last part of the unit will allow the students design their own 

garden bed and place it their school garden. 

The instructional strategies followed intend to create a classroom where the teacher is a 

facilitator. A lot of interactions between the teacher and the students are involved, where children 

learn about needs of plants by thinking about the different problems and questions posed and 

searching for answers and solutions. The students will be engaged in group work activities in all 

the lessons since they are experiment based and to give them practice to work with the others. 

Concepts from other disciplines into the unit (e.g., math, engineering and technology) are also 

incorporated in order to show children that science and the other subjects are related and apply 

STEM approach. 
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The next paragraphs describe the activities and instructional strategies planned out for the entire 

4-week unit on plant’s needs. An instructional strategy will be standard practice throughout the 

unit; will be to perform experiments throughout the lessons. Later on, discussions will be held to 

check the understanding of the students.  

The unit starts off with the students exploring the garden and asking them to list the living and 

nonliving components of a garden and discuss them in groups and complete a worksheet. Then 

the students will take measurements of the garden calculate the area and the perimeter of the 

garden then sketch it on a worksheet. 

In the next lesson, the students will perform an experiment showing the effect of water on plant 

growth.  Here, the students will water some plants and deprive others from water. They will 

observe the result of this experiment, record their observation using an observation sheet, 

communicate the results and discuss it in class. The teacher will ask guided questions where the 

students conclude the plants need water to grow. 

As the students move from the first need of plant growth, they will experiment the second one 

which is light. The students will also perform an experiment here where they will place plants on 

a sunny spot and others in the shade in the garden. They will observe discuss and communicate 

their observations and fill in a related observation sheet. They will then be guided by the teacher 

through guided questions where they will describe the effect of the absence of light on plant 

growth and infer that plants need light to grow well.    

 To start off the lesson on the types of soil that a plant need to grow in a healthy way. The 

students will use their senses to describe the soil present in the school garden; the teacher here 

will guide them to help them describe the smell, the color, the texture of the soil in the garden. 

The students will also be asked if they have any idea of any other type of soil that is good for 
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planting. Upon their answers and discussions made in class, the teacher will get different types of 

soil ( silt, clay, sand), funnel and water and help the students perform an experiment where they 

observe the infiltration of water though different types of soil. The teacher then, will help the 

students infer the characteristics if each type of soil and help them infer that silt is the most 

appropriate for planting. 

 The unit ends up with a STEM project where the students are going to use the concepts 

learned through the lessons and experiments into designing their own garden bed. They will go 

to the school garden, choose a spot that fits the conditions they studied in class and design garden 

bed. In the garden bed design, they will be asked to include the sketch of the bed with the 

measurements and appropriate conditions for plant growth. 

Instructional evaluation 

 This unit will assess the math and science concepts taught (area, perimeter, 

measurements, needs of a plant and their effect on its growth) as well as the skills used by the 

students while performing the activities of the unit. To evaluate pupils’’ understanding of the 

concepts and skills used, both formal and informal assessment practices will be done. Because, 

the whole unit is based on experiential learning and discussions, the children’s understanding 

will be informally assessed everyday by observing their behavior. The observations will focus on 

the vocabulary used by the students during the activity, the explanation of the activity and the 

use of the concepts learned.  

Other techniques used in the assessment of the students’ understanding include: 

o Handouts (observation sheets based on the activity performed in each lesson and of 

course related to the need of plant growth). These handouts will be informal assessment 

where observations notes are taken that reflect the progress of the students’ work in groups. 
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Informal assessment will be also used in each session and this will be done by listening to 

the students’ reasoning throughout the activity and the way they describe their work. 

Observation notes according to each handout and activity are taken in order to evaluate the 

students’ understanding, communication, collaboration and critical thinking. 

o Formative paper and pencil evaluation done twice after lessons 1, 2 & 3 then another one 

after lessons 3 & 4 since it is going to take 8 sessions by itself. 

o Graded homework when the students are going to research some kinds of plants and the 

amount of light they need. 

o The students will design a STEM end product where they will build a garden bed based 

on what they learned in class. After the students construct the garden bed, they will be 

required to answer questions about their project ( such as the procedures they used to 

construct the garden bed, the reasoning they used to determine the measurements, which 

type of soil, their prediction about using the garden bed in planting). After building their bed 

the students will finish by undergoing a formal essay question assessment that will reflect 

how well the students were able to apply the concepts learned in class to a “real life” 

situation. The explanations they provide on the essay questions will also give an insight to 

conceptual understanding and the reason behind the application of these concepts. 

o Comprehensive Summative unit test will be given after the students complete the 

activities that include multiple questions, essay questions (evaluating the critical thinking of 

the students) and graphic organizers. 

Instructional activities 

In order to complete this unit the students will undergo basically experiential learning embedded 

in group work sessions.  
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Lesson1: Exploring the garden 

Objectives: The students will be able to: 

- use their five senses to explore and become familiar with the layout of the garden 

- describe the components of garden 

- list the living and non-living things that exist in a garden 

- draw the map of a garden 

- calculate the area and perimeter of the school garden. 

Materials: markers- garden map- pencils- scavenger hunt sheet – rulers- magnifier glass. 

Duration: 3 sessions 

Procedure: 

Engage: ask: where do you think plants come from? Where can we find plants? 

Begin a discussion with the students that plants exist in different places ( forests, gardens, 

prairies..) 

Ask: are plant spaces important? Why? Why do you think a garden looks like? What do we find 

in a garden? 

Explain that they will be learning about the garden as a place used for planting. 

Explore:  

• Take the students to the garden space and ask them to predict why they are here.  

• Ask the students to gather themselves in groups. 

• Allow the students to spread out in the garden space.  

• Ask them to use their senses to discover the components they see in the garden space. 

• Give the students some time (15 min)   to explore the garden setting and space to have 

their finest garden and plant impressions. 
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• Tell the students that they should observe and record their observations in their notebook. 

• The students will try to find various things in the garden in order to familiarize 

themselves with the garden. 

• Ask each group to find one thing at a time. 

Ask: what can you see with the naked eye ? and with the magnifying glass? 

are the things you found living or non-living? Why? Give another example of each thing 

• Tell the groups that they are going to take measures of the width and length of the garden 

space. 

• Ask: can we find the perimeter and the area of the garden space? 

               You have to be able to sketch your garden and fill an observation sheet while 

exploring accordingly. 

Explain: show the students a video about the school garden, its characteristics, components 

and benefits. 

https://www.youtube.com/watch?v=71jXRxyzI1k 

Ask: what characteristics of a successful school garden are discussed in the videos? 

          What living things and non-living things of a garden are shown in the video? 

Discuss the content of the video with the students. Explain to the students that school gardens 

include living and non-living components; they include shady and sunny areas depending on 

the kinds of plants that grow in there. The Living things include plants and animals and the 

non-living include the soil, water, light and air. 

Elaborate 

• Ask the students to research the web for different kinds of gardens and the 

characteristics of each kind. 

https://www.youtube.com/watch?v=71jXRxyzI1k
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• Tell the students that the school decided to benefit from the garden area and use it to 

plant different plants. They will put each kind of plant in a designed space. How will 

they do so if they want to plant 10 different kinds of plants in this same garden? 
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Lesson 1 Observation Sheet( activity sheet 1)    25 min 

 

A. Based on you walk in the garden fill in the table below 

 

 

 

 

 

 

 

 

 

 

 

B. The soil in the garden  

looks-------------------------  

smells ----------------------------  

feels ------------------------- 

 

 

 

 

Things picked while walking in the 

garden 

Living  Non-living 
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Lesson 1 Activity Sheet 2      25 min 

A. Length of the garden:-------------- 

Width of the garden:--------------- 

Shape of the garden------------ 

B i. Perimeter of the garden---------------- 

  ii. Area of the garden------------------- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. SKETCH the GARDEN 
Using a scale 
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Lesson 2: Water and plant growth 

Objectives: the students will be able to: 

- predict the effect of water on plant growth in a garden. 

- observe how water affects the growth of a plant in the garden. 

- gain an understanding that the amount of water affects the plants growth in the garden. 

Materials:  

• lentil seeds  

• liquid measuring cups  

• water  

• trowel 

• soil   

• gloves  

Duration:  3 sessions 

Procedure 

Engage: ask students: how are the humans able to survive? Do humans have needs? What will 

happen of these needs are not met?  

Ask: what do you think will happen to the plants if they are not watered well? 

Discuss with the students that all living things have to meet their needs in order to survive. All 

human beings need water, food, air, and shelter to survive. If one of these basic needs were not 

met, life would be in danger. 

Just like us, plants need certain components to develop, reproduce, and survive. Plants need 

room to grow, light,water, air, and nutrients.  
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Then explain to the students that they will experiment the effect of each and every need on plant 

growth. This lesson they will start with the effect of water on plant growth. 

Explore: 

• Take the students to the garden then divide them into groups. Provide each group with 

materials to begin growing seeds and testing the effect of water. 

• Each group settles for a spot in the garden to plant the lentil seeds. 

• Mark the spots chosen in the garden 

• Each group places 5 seeds in the spot chosen. 

• Cover the seeds with soil 

• Water the seeds differently ( ¼ cup, ½ cup, ¾ cup or 1 cup) and keep on watering them a 

such for 6 consecutive days. 

• Observe when the seeds sprout and record observations 

• Record the daily growth of the seeds on the handed chart 

Ask: do plants need water to grow? 

        Does the amount of the water affect the growth of the plant? 

Explain 

Visit the garden on daily basis then allow the students to record the growth of the seeds on each 

day. 

Ask: 

Was it easy to grow the seeds? 

Did all the seeds sprout?  

What will happen when you don’t water enough or over water your lentils? 
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What conclusions can you draw about the relationship between the amount of water plants 

receive and how much they grow? 

Evaluate 

The students have to fill the activity sheets which will be evaluated according to a rubric then 

they will sit for a formative assessment that combines the first two lessons taken. ( living and 

non-living things found in a garden and  the effect of water on plant growth) 
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Lesson 2 Activity Sheet 1 

Water and plant growth 

 

 Location of plant:----------      Date planted:------ 

 

Amount of water table : use the table below to write down the date and amount of water given 

to the plant.  

Measure the amount of  water by cups : ¼ cup, ½ cup, ¾ cup or 1 cup. 

 

Spot How 

much 

water 

day 1  

How 

much 

water 

day 2  

How 

much 

water 

day 3 

How 

much 

water 

day 4 

How 

much 

water 

day 5 

How much 

water day 

6 

Total amount of water 

        

        

        

        

        



131 
 

Lesson 2 Activity Sheet 2 

Plant growing chart: illustrate your lentil plant as it grows. Record the first day the seed 

germinated or sprouted above the soil. Record the number of leaves, height of the plant and color 

of the leaves. 

A.  

Germination 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

Number of 

leaves 

 

Color of the 

plant 

     

 

B. Explain how your plants grew in the different spotted areas. 

---------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------- 

C. Explain how the amount of water affects the plant growth. 

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
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Lesson3: Light and plant growth 

Objectives: the students will be able to: 

-  observe the effect of light on plants.  

-  describe how sunlight affects the plant. 

Duration: 4 sessions 

Materials:  

• garden spots 

• Seeds  

• soil mix (or potting soil)  

• a dark area (a shoebox box)  

Procedure:  

Engage:  

show the students a video of how the sunflower behaves to light on the following link: 

https://www.youtube.com/watch?v=g8mr0R3ibPU 

 Take the students to the garden. Ask: How does the sunflower behave in the daylight and during 

the night? How do you explain the behavior of the sunflower? Do all plants need what the 

sunflower needs? 

Discuss with the students that plants need light to grow and tell them that they are going to 

explore it themselves on the school garden. 

Explore: 

1. Divide the class into small groups in the garden.  

2. Help each group choose a sunny spot in the garden. Check daily to make sure they remain 

moist. A "hook" should appear in two to three days.  

https://www.youtube.com/watch?v=g8mr0R3ibPU
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3.  Place some of the seeds in a designated area and leave it completely in the dark for one week 

to ten days by covering the areas with a shoebox. 

4. After ten days, remove the shoebox from the marked area and compare it with the seedlings 

that were kept in the light.  

5. Have the class discuss the differences and make a drawing to illustrate the differences between 

the two sets of seedlings and compare the results and record their observations in the science 

notebook. 

6. Remove one seedling from each spot and compare its roots. 

7. Fill the activity sheet while doing the garden activity and observations. 

Ask: how did the seeds planted in a sunny spot grow? 

How did the seeds in a dark grow? 

How do the seedlings that grow in darkness differ from the ones that grow in light? 

Explain: 

Let the children watch the effect of light on plants on the following links: 

https://www.youtube.com/watch?v=40WOcf8Hrys 

https://www.youtube.com/watch?v=Sw46uQciI-A 

ask the children: 

- Did light affect the plant growth? how? 

- Why do plants need light? 

Elaborate: ask the students: 

Do all plants need the same amount of light to grow? And can some plants still survive in the 

darkness? Can we grow some plants indoor? 

The students are going to conduct a small research about two to three kinds of plants and the 

https://www.youtube.com/watch?v=40WOcf8Hrys
https://www.youtube.com/watch?v=Sw46uQciI-A
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amount of light they need and examples of indoor plants. 

Ask the students to fill the related activity sheet to assess their understanding. 
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Lesson 3 Activity Sheet 1 

Chart of Plant Growth: illustrate your bean plant as it grows. Record day germinated or sprouted 

above the soil. Record the height of the plant, and color and sunny days. 

Repeat the same activity with the seeds that are in the dark. 

 

Sunny 
spot 
Plant A 

 
Day:- 

 
Day:---- 

 
Day:--- 

 
Day:---- 

 
Day:--- 

 
Day:--- 

 
Day:- 

 
Day:- 

Height of 
the plant 
Color of 
the plant 

        

 

 

 

 

 

 

 

 

Dark 
spot 
Plant B  
 

 
 
Day:--- 

 
 
Day:---- 

 
 
Day:--- 

 
 
Day:---- 

 
 
Day:--- 

 
 
Day:-- 

 
 
Day:-- 

 
 
Day:-- 

Height of 
the plant 
 
Color of 
the plant 
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Lesson 3 Activity Sheet 2 

 

 

 

 

Location in the 

garden 

Planted date Water 

 

Yes / no 

Results obtained 

after few ( 8 days) 

 

Plant A  

 

 

    

Plant B 

 

 

 

    

 

Does the light affect the growth of the seeds? Explain. 

 

---------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------- 
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Elaborate section of the lesson activity sheet 

 

Based on your research: 

a. Do all plants need the same amount of light? 

 

 

b. What do we mean by “ indoor plants?” 

 

 

 

c. Give examples of some indoor plants and the number of sunny hours each plant 

needs. 
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Lesson 4: Types of soil and plant growth 

Objectives: the students will be able to: 

-  explore the components of the soil using their senses. 

-  explore the different types of soil using their senses. 

- Compare how water passes through different soil types. 

- experiment with different soil types by germinating and growing plants. 

Duration: 8 sessions 

Materials:  

- Containers of different types of soil: clay, sand, and loam soil 

- Scoop or garden trowel  

- paper cups or lunch size paper bags - 4 per group 

- Permanent Marking Pen-  

- Spray bottle with Water –  

- Pencil or pen  

- Coffee filters 

- Clear glass quart jars, 6 (one per each soil type) 

- Bucket  

- liquid measuring cups 

- Watch or clock with a second hand  

- Masking Tape or Labels  

- Ruler  

- Scissors  

- lens 
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Procedure:  

Engage:  ask the students what does the soil do for us? Do farmers use the same type of soil? 

Discuss with the children that soil may differ from a space to another and that there exit different 

types of soil. And that they are going to do the activity of exploring the different types of soil in 

the garden where they will be provided with the material. 

Explore 

A. Soil components: 

1. “Distribute the Components of soil handout to each student. Tell students to close their eyes 

and imagine that they are outside digging a hole in the soil. What would they find as they dig? In 

the space for Jar#1, have students draw and label a detailed picture of what the soil would look 

like and what it would contain. 

2. Divide students into pairs. Using shovels allow the students to dig upa small sample of soil 

from different areas. Monitor students to avoid digging in inappropriate areas. 

3. Have students spread newspaper out on their desks or the garden ground. Soil samples should 

be dumped out on the newspaper for inspection. Students should use the hand lens to find as 

many different things as they can. Tell them that the little rock-like pieces 

of sand are the mineral content of the soil. Little bits of twigs and decomposing leaves are 

organic matter. Some students may find decomposers in their soil. Instruct students to draw and 

write a description of their soil samples in the space for Jar #2. 

4. Make a list on the board of every different thing that has been found by the student groups. 

Examples: Small mineral particles: clay or silt 

                              Larger mineral particles: sand and Rocks 

                             plant parts: leaves, twigs, etc. 
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                             Water 

                             Garbage 

                               Air 

6. Discuss the actual components of soil. Have students build a soil model by coloring and 

cutting out the pictures provided then gluing them onto What the Soil Has handout” (The 

California Foundation for Agriculture in the Classroom, n.d) 

B. Types of soil 

1. Obtain all necessary materials. 

2. Divide the students into groups of 4  

3. Label cups or bags 1, 2 &3. Put a few scoops of soil in each bag and give 3 to each group. 

( they can also be given the types of soil and fill the cups themselves) 

4. “Place the soil samples in the middle of each group. 

5. Ask the participants to select one of the bags or cups with soil and note the number of the 

soil sample. 

6. Have them record their observations on the Worksheet, using their senses of sight, smell, 

touch and hearing. 

7.  After observing the soil dry, ask them to place a small amount of soil in the palm of their 

hand and spray it with water. Now, again, have them record their observations on the 

Worksheet for each “wet” soil sample. 

8. Be sure that at the end of the activity the participants have explored all four soils. 

9.  Have the students share their observations with the group by discussing each soil type. 

Ask the students: Using all your senses except taste, describe what you observed as you looked 

at the soils, heard when you rubbed the soil near your ear, smelled when you put your nose to the 
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soil and felt when you touched the soil.  

 • Ask the same questions for the “wet” soil samples.  

• Which two soils were most similar?  How?   

 • Which two soils were most different from each other?  How were they different?  

  • How do the soil types differ when “wet” versus “dry?    

• Which soil might a farmer want to have to grow corn? Wheat?  Rice?  Trees?  Why?  

• Why is it important to understand how soil reacts to water?” (It Came from Planted Earth, 

2006) 

Tell the students that they are going to test the behavior of water in each type of soil. 

Ask :  can you predict how water behaves in each type of soil? 

Explain to the students that they are going to observe, compare and test different soil types to 

investigate the rates at which water infiltrates (or enters) and percolates (passes through).   

C. Water in different types of soil 

Each group will:   

10.  “take a funnel, coffee filter or paper towel, glass jar, and a measuring cup.   

11. line the funnel with the coffee filter, paper towel or fabric.   

12. fill each funnel with equal amounts of dry soil samples or to the 1/2 measure.  Be sure to pat 

down the soil as you fill the funnel. Place the funnel over the mouth of the jar.   

13. label each jar.    

14. set all funnels with soil next to each other on a table.   

15. You will be making two tests on the soil at the same time.   

Test #1: See how fast the water disappears from the surface of the soil (infiltration time)   

Test #2: See how much water drips through the soil (and out of the funnel) in 120 seconds 
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(amount percolated).  

16. Have the students predict how the soils will perform in the two tests.  

17.  Record on the Water Time Chart.   

18. Participants should be appointed a job for each soil type: 

 Timer - the one who calls out “Start” and reads the watch.  

Observer - the one who observes and calls out when the water has disappeared from the surface 

(infiltration time)  

Measurer - the one who records the measurements (time and amount of water) on the Water 

Time Chart. 

 Pourer - the one who will pour the water and remove the funnel from the jar when time is    

called at 120 seconds (amount of percolation). 

19. Read and review Step 18 carefully.  Make sure that everyone understands their job.  

20.  Begin the activity when the all groups are ready.    

21.  The Timer starts the activity by calling out “Start”, which notifies the Pourer to begin 

quickly pouring the water into the funnel.     

When the water is gone from the surface of the soil, the Observer calls out “Gone” and the Timer 

reads the watch and the Measurer records the time.     

When 120 seconds have passed, the Timer calls out “Stop” and the Pourer quickly removes the 

funnel from the jar.     

The Measurer then measures the amount of water that has percolated (passed through) the soil 

and records the amount.  

 22.  All soil types can be tested at the same time with different groups or repeat Steps 14, 15 and 

18 for each soil type.  
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 23.  You can also repeat the procedures using the same funnel/soil sets to determine what      

happens with additional applications of water.     

24. Compare your observations with the other groups.    

Ask:  

• Did you predictions come true?   

 • What happened when the soils were allowed to sit after mixing with water?   

 • Describe what you observed as you looked at the different soil soups. 

 • How many layers were formed? 

 • What did the layers look like?   

• How were the soils the same as they settled out?  How were they different? 

 • Which soil type settled the fastest?  The slowest? • Were the bottom layers the same in all the 

jars?  How were they different?  

 • Were the top layers the same or different?” (It Came from Planted Earth, 2006) 

Explain 

 Through a video related to types of soil on the following link: 

https://www.youtube.com/watch?v=uS7zfeK4OTQ 

Explain to the students that: 

There are different types of soil -- clay, sandy and loam soil. 

 The clay keeps shape. The sand falls apart and won't hold its shape. The loam keeps its shape 

but is crumbly.   

“ Clay soils have the smallest particles. They have numerous pore spaces between them and are 

highly effective holders of both water and nutrients. But small pore sizes also don't allow air and 

water to move through the soil, so clay soils don't drain very well. As a result, a plant's roots can 

https://www.youtube.com/watch?v=uS7zfeK4OTQ
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essentially suffocate because it can't get any air.   

Sandy soils have just the opposite problem because the pore spaces between particles are too 

large. They drain too well and water and nutrients are leached away before they can do your 

plant much good.  

A good loam is a combination of clay, sand and silt (a medium-sized particle) that holds 

nutrients well and provides good drainage.  A loam soil is ideal for growing most crops. Loam 

soils retain enough water, yet also allow the soil to drain, for an optimum combination of water 

and air at a plant’s roots.  

  Soil controls the distribution of rainfall or irrigation water to runoff, infiltration, storage or deep 

drainage.  Soil acts as a filter to protect the quality of water, air, and other resources” (It Came 

from Planted Earth, 2006) 

Elaborate 

Ask the students: can you organize the soils in different way in order for them to be best used for 

planting.  

Allow the students to perform their own experiment and fill the related worksheet. 
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Lesson 4 Handout ( Explore A) 

Components of soil ( stick you findings) 
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Lesson 4 Handout ( Explore A) 

What the Soil Has 

Color and cut out the pictures and glue them in onto Jar 3 
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What the Soil Has 
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Lesson 4  

“Discovering Soil types worksheet 

Observe each soil type using your four senses (seeing, hearing, smelling and feeling).  

Observe each soil type using your four senses (seeing, hearing, smelling and feeling) and 

record using descriptive words and record using descriptive words”(It Came from Planted 

Earth, 2006) 

 

 

 

Soil   dry wet 

1 See   

Hear    

Smell   

feel   

2 See   

Hear   

Smell   

feel   

3 see   

hear   

Smell   

Feel   
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Lesson 4  

Water time chart worksheet  

 Soil # 1 Soil # 2 Soil #3 

Time of infiltration 

The time that water 

takes water to vanish 

from the surface. 

   

mount of passing 

water 

through the soil. 

   

Color of Water  

Describe the water in 

the jar.  Is it clear or 

cloudy, color, etc.? 

   

Comments 
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Lesson 3 Elaboration Worksheet 

“MATERIALS YOU WILL NEED  

 Four different types of soil - sand, clay, silt.  

Soil samples from two or more locations or make a mixture of different percents of the above 

soil types.  

Clear quart glass jars with lids, 2-3 jars for each group 

 Masking tape – 

2 rolls Permanent marking pens – 

 1 per group Water, 2-3 gallons” (It Came from Planted Earth, 2006) 

“Explain to the participants that they will mix the different soils together in different orders each 

time ( they need to have 6 combinations ie 6 jars)  It will separate soil into the major components 

(sand, clay, silt and organic matter).   

Each group: 

1. gathers the materials needed. 

   2. selects a soil sample and notes the number.  

   3. labels a jar with masking tape with the number of soil sample selected.   

  4. fills the jar 1/3 full with each of  soil sample and make sure to change the order of each type  

in each jar ( example : clay, sand compost in jar 1; clay, compost, sand in jar 2..) 

5. adds water until the jar is almost full” (It Came from Planted Earth, 2006) 

6. observes the infiltration of the water 

7. record your observation below 
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Combination: 
Infiltration time: 
Amount percolated in 120 
seconds: 

Combination: 
Infiltration time: 
Amount percolated in 
120 seconds: 

Combination: 
Infiltration time: 
Amount percolated in 120 
seconds: 

Combination: 
Infiltration time: 
Amount percolated in 120 
seconds: 

Combination: 
Infiltration time: 
Amount percolated in 
120 seconds: 

Combination: 
Infiltration time: 
Amount percolated in 
120 seconds: 
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Answer the following question: 

What combination might be the best for germinating seeds and growing plants? Explain  

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------ 
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Lesson 5: STEM project 

Duration: 4 sessions 

Objectives: the students will be able to: 

- design a garden 

- take measurements and create a garden 

- apply mathematical concepts of perimeter and area in designing the garden bed. 

- build a simple garden bed. 

Engineering Integration (main project) 

This section will be handed to the students 

 Our school garden is not being efficient and used by our students. Now that you have 

explored a whole unit in the garden context, you need to apply what you have learned in order to 

either extend the garden or create a garden bed where you will plant some new plants in order to 

encourage your school mates to benefit from the green space.  

Try to be creative and unique. 

The following steps will help you do your project: 

A. Design  

After having the opportunity to study the needs of plant growth, you will design a garden 

bed or extension that will help you plant different kinds of plants. Remember the design 

must include all the materials that you want to use and answer the following questions: 

- Where do you think the space is the most suitable to be created in the garden? 

- What size will it be? 

- Measure the width and length of this space then find out its area and perimeter. 

- How will you use this area in planting? 
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- What kind of soil will you use? 

- What seeds will you plant? And how many? 

- How often are you going to water your seeds? 

B. Build the Model  

Then, using your design, you will build your garden and plant the seeds. 

C . Testing  

 As your garden grows, you need to make observations and take measurements of the different 

plants there.   

D. Data Analysis  

Here you analyze the results by taking notes about the growth of the seeds guided by the 

following questions: 

- Did all the seeds germinate? 

- Are the plants healthy? 

- Are the planting conditions ( water , light soil) met? 

- Was it a successful project? 

E. Communicate Results  

Each one of you need to present how you developed the garden mentioning what material you 

used worked effectively in the actual growing area and the steps that you followed to 

successfully plant it. 

After the presentation in class you also need to write a science report about your project where 

you should include the problem, procedure and results. 

Resources for students 

 



155 
 

World in Balance, Global Populations:  

http://www.pbs.org/wgbh/nova/worldbalance/numb-nf.html 

2012 World Hunger and Poverty Facts and Statistics 

http://www.worldhunger.org/articles/Learn/world%20hunger%20facts%202002.html 

Abiotic/Biotic Factors:  

http://www.bbc.co.uk/schools/scienceclips/ages/6_7/plants_animals_env.shtml 

CT Community Gardening  

http://ctcommunitygardening.org/about/ 

 

 

http://www.pbs.org/wgbh/nova/worldbalance/numb-nf.html
http://www.worldhunger.org/articles/Learn/world%20hunger%20facts%202002.html
http://www.bbc.co.uk/schools/scienceclips/ages/6_7/plants_animals_env.shtml
http://ctcommunitygardening.org/about/
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STEM Project Rubric 

Title of the project:------------------------------ 

 

Skills 

 

 

Needs 

improvement 1 

Partially 

proficient 2 

Proficient 3 Advanced 4 

Creativity and 

innovation 

 

 

 

How does the 

project show 

creativity? 

The project has 

little creative 

or unique 

aspects. 

The project has 

some creative or 

unique aspects. 

The project is 

creative and 

unique. 

The project 

shows advanced 

creativity and 

has unique 

aspects. 

Communication 

and elaboration 

 

Is the information 

presented in a 

logical sequential 

way during the 

presentation? 

Is the area clearly 

Information is 

not organized. 

Information is 

presented 

randomly and 

inaccurately. 

Some 

information is 

clear. 

Information is 

presented 

inaccurately. 

Most 

information is 

clear and 

organized. 

Information is 

presented 

accurately. 

All information 

is clear and 

organized. 

Information is 

presented 

accurately and in 

an organized 

manner. 
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organized? 

Research 

information 

 

 

 

What research was 

done to 

accomplish the 

project? 

The project 

demonstrates 

no research 

The project 

demonstrates 

some research 

The project 

demonstrates 

research 

The project 

shows 

intentional 

research that has 

lead to informed 

choices. 

,Problem solving,  

Critical thinking 

decision making 

 

 

 

What problems did 

you have to solve 

to accomplish your 

goal? 

 

 

Students did 

accomplish 

their goal or 

communicate 

their process 

clearly. 

Students have 

taken steps to 

accomplish their 

goal and solve 

their problem but 

they were not 

logical and clear. 

Students have 

taken logical 

steps to 

accomplish 

their goal and 

solve their 

problem. 

Students 

demonstrate high 

level of thinking 

and have taken 

logical steps to 

accomplish their 

goal and solve 

their problem. 

 



158 
 

Appendix 2  

Traditional Unit plan 

Grade level: Grade 4 

Unit Title: Non-living factors of a garden and essential needs of plant growth in a garden. 

Purpose of the unit 

 This unit has been structured in a manner to develop lesson plans that follow the usual 

non-STEM method of teaching. Its purpose is to teach the needs of plant growth through giving 

direct instruction and a teacher centered approach.  

What is the purpose of this unit? This unit will be implemented in this research in order to  

compare the traditional way of teaching to the application of the  STEM approach in learning 

science and math concepts related to the needs of plant growth in a garden setting where students 

receive information passively and the teacher is dispenser of knowledge.   

The lesson plans and the activities that are presented in the unit will allow students to sit and 

listen to the teacher’s delivery. They will try to understand, analyze and explain concepts and 

phenomena by discussing them with their teacher alone. They will not be given the chance to 

work in groups and they will remain seated in their place. The content and activities included in 

this unit will be displayed on the board and controlled by the instructor through a set of questions 

related to each lesson plan.  

General requirements 

 This unit will last for 4 weeks including assessment sessions. These four weeks will be 

expanded through lesson plans, activities, handouts and formative assessment. A pretest and a 

posttest will be used to assess the acquisition of the main concepts of the unit before and after the 

implementation of the activities. 
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Grade level: Grade 4 

Unit Title: Non-living factors of a garden and essential needs of plant growth in a garden. 

Instructional goals: In this unit the students will review the concept of living and nonliving 

things in class. The teacher will explain directly through the use of white board and discussions 

the effect of some non-living factors of a garden (water, sunlight and soil) in the seed 

germination and plant growth. The children are not provided with chances to apply what they 

learn in class to their real life.  

Instructional objectives: as a result if this unit the students will be able to: 

- describe the components of garden. 

- list the living and non-living things that exist in a garden. 

- draw the map of a garden 

- identify geometric shapes and their characteristics 

- describe how water affects the growth of a plant in the garden. 

- explain that the amount of water on plant growth. 

-  describe how sunlight affects the plant. 

- measure the height of different plants 

- convert cm to meter and vice versa 

- describe the components of the soil. 

- identify the different types of soil. 

- compare how water passes through various soil types. 
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Scope and sequence: the following scope and sequence table shows the list of the sessions tackled in the unit with the corresponding 

NGSS standards, objectives and a brief description of the lessons 

Session lesson Objectives Description 

1 till 6 1 

Describing the 

components of a 

garden 

- describe the components of 

garden. 

- list the living and non-living 

things that exist in a garden. 

- use scales to sketch and draw 

different gardens 

- draw the map of a garden 

- identify geometric shapes and 

their characteristics 

 

The students will in class : 

- look at pictures of different 

gardens. 

- The teacher will ask them to: 

- list the components of the garden 

they see in the pictures in front of 

them. 

-  measure the length and width of 

the gardens using the pictures. ( 

- calculate the area and perimeter 

of garden beds. ( 2 sessions) ( 

since the concept of the area is 

totally new)  
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then,  

- let the students work in groups 

and measure different objects in 

class with a measuring tape  

- ask them to sketch their object 

- explain to the students the 

concept of a scale  

- let the student solve a worksheet ( 

2 sessions)+do another 

application session 

- Show the students a video about 

gardens. 

- sketch a garden according to a 

scale.  

- the teacher will review with the 

students the regular geometric 
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shapes ( square, rectangle , 

parallelogram, rhombus)  and 

their characteristics. ( 2 sessions)  

 7  FORMATIVE Assessment 1  

8 &  9  2 

 

Water and plant 

growth 

- describe how water affects the 

growth of a plant in the garden. 

- explain that the amount of water 

affects the plants growth in the 

garden. 

 

The teacher will: 

- show the students two plants one 

watered and another one not 

watered 

- show the students some seeds that 

were watered and others that were 

not watered 

- let the students sit in groups and 

write about their observations ( 1 

session) 

- let the students read lesson 1 

handout in class 
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- ask guided questions and then 

discuss with the students the 

effect of water on plant growth  

- ask the students to draw the effect 

of water on plants in their 

notebook ( 1 session)  

10 till   

13  

3 

Light and plant 

growth 

- observe the effect of light on 

plants.  

-  describe how sunlight affects 

the plant. 

- measure the height of different 

plants 

- convert cm to meter and vice 

versa 

-  

- The teacher will: 

- show the students plants that were 

exposed or deprived of sunlight 

- let the students write down their 

observations in their notebook 

- ask guided questions 

- discuss with the students the 

effect of light on the growth of 

plants ( 1 session) 

- allow the students to measure the 
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length of each plant  using a ruler 

- help the students convert cm to 

mm and perform application sheet 

about conversion in class. ( 2  

sessions) 

- give a handout to read in class 

- ask the students to solve a 

worksheet 

- let the students watch a video 

about the effect of light in plants ( 

1 session) 

15 till 

20 

4 

 

Types of soil and 

plant growth 

 

- describe the components of the 

soil. 

- identify the different types of 

soil. 

The teacher will: 

- show the students different types 

of soil 

- show and explain to the students  

the components of the soil  
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- compare how water enters and 

passes through different soil 

types. 

- define volume 

- convert liters to ml 

- solve problems about volume 

 

- let the students work in groups  

draw the components of the soil 

and classify them  

- give a handout for the students to 

read in class and discuss it in 

class ( 1 session) 

 

- demonstrate to  the students how 

the water passes in each type of 

soil ( sand, rock, humus and clay) 

- ask them guided questions and 

allow them to write notes in their 

notebook  in groups.  

- help the students discuss the 

favorable type of soil for planting. 

( 1 session) 
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FORMATIVE ASSESSMENT 2 ( 1 

session) 

 

- help the students record the  

amount of water collected with 

each type of soil.  

- explain to the students that the 

amount that the space occupied 

by the water in the graduated 

cylinder is its volume 

- help the students compare the 

amount of water collected with 

each type of soil and convert from 

ml to liters and do application 

exercise in groups. ( 1 session) 
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- solve and correct an application  

worksheet ( 1 session) 

21  UNIT TEST  
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Instructional content 

 This unit’s outline builds the students’ understanding of the needs of plant growth 

concepts in a classroom setting.  This unit includes four lessons planned to teach children how 

plants grow and survive in different environments.  

 The unit will begin by describing and explaining what the major components of a garden 

are, both living and non-living.  Then the needs of plant growth will be given to the students in 

the classroom setting where they only listen to the teacher’s delivery and apply the instructions 

given in class. They will try to reach the objectives of each lesson by only working on an 

individual basis.   

The instructional strategies chosen in this unit are the traditional conventional ones.  These 

strategies are teacher centered based on lecturing, discussion and the use of the book. The back- 

and- forth interactions between the instructor and the students exist only through teacher led 

questions.   

 The unit starts off with the teacher showing pictures of different gardens then asking 

them to pick out and list the living and nonliving components they see then she presents the 

information on the board then ask them to solve a related worksheet. 

The next lesson the teacher will demonstrate in front of the student in class two plants showing 

the effect of water on their growth.  Here, the students will only see what the teacher shows them 

without participating in any activity and try to understand and assimilate the effect of water on 

plant growth. The teacher will ask guided questions where the students conclude the plants need 

water to grow. Then will read a handout about the effect of water on plant growth and solve a 

related worksheet. 
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As the students move from the first need of plant growth, the students will similarly observe and 

discuss the effect of the absence of light on plant growth and learn that plants need light to grow 

well. The teacher will also show the students two plants ( one exposed to sunlight and the other 

one deprived of light ) as well some seeds that grew in the presence of light and seeds that grew 

in the absence of light. The teacher will then ask guided questions and give a handout for the 

students to read with a related worksheet to solve.  

To start off the lesson on the types of soil that a plant needs to grow in a healthy way. The 

teacher will get different types of soil to class and ask the students to describe each and every 

type. Following the discussions, the teacher will explain to the students the components found in 

the soil. She will then show the students how water passes in each type of soil and ask related 

guided questions then discuss with them the best type for planting. Later, the teacher will give a 

handout for the students to read and ask them to solve a worksheet afterwards. 

Instructional evaluation 

This unit will assess the math and science concepts taught (area, perimeter, measurements, needs 

of a plant and their effect on its growth). To assess students’ understanding of the concepts and 

skills formal and informal assessment are practiced. The formal assessment includes the 

formatives and the unit tests; whereas, the informal one includes the answers to the teacher’s 

questions when each student solves his/her worksheet in class. 

Other techniques used in the assessment of the students’ understanding include: 

o Handouts (observation sheets based on the activity performed in each lesson and of 

course related to the need of plant growth). These handouts will be informal assessment 

where observation notes are taken that reflect the students’ individual work in class 

Informal assessment will be also used in each session and this will be done by listening to 
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the students’ reasoning throughout the activity and the way they describe their work. 

Observation notes and rubrics according to each handout and activity are developed in order 

to evaluate the students’ understanding and communication. 

o Formative paper and pencil evaluation done twice after lessons 1, 2 & 3 then another one 

after lessons 3 & 4.  

o Graded homework when the students are going to research some kinds of plants and the 

amount of light they need. 

o Comprehensive Summative unit test will be given after the students complete the 

activities that include multiple questions, essay questions (evaluating the critical thinking of 

the students and concept attainment) and graphic organizers. 

Instructional activities 

This unit is a reflection of the conventional teaching method that is teacher centered where 

students receive information passively. 
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Lesson1: Describing the components of the garden 

Objectives: the students will be able to: 

- describe the components of garden. 

- list the living and non-living things that exist in a garden. 

- use scales to sketch and draw different gardens 

- draw the map of a garden 

- identify geometric shapes and their characteristics 

Materials: markers- garden map- pencils– rulers-  pictures of gardens 

Duration: 6 sessions 

Session 1  

Procedure: 

The teacher begins a discussion with the students that plants exist in different places ( forests, 

gardens, prairies..) 

Ask: are plant spaces important? Why? Why do you think a garden looks like? What do we find 

in a garden? 

Explain that they will be learning about the garden as a place used for planting. 

Show the students different pictures of green spaces and let them predict what they are. 

• Ask the students: did you already visit a green space? A garden? How do they look like/ 

What do you find in such places? 

• Ask them to observe the components they see in the garden space. 

• The students will try to observe and find various things in the pictures of the garden in 

order to familiarize themselves with the garden. 

• Allow the students to find one thing at a time and say it in class. 
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• Ask: what can you see with the naked eye?  

are the things you found living or non-living? Why? Give another example of each thing 

the students will read the handout and solve worksheet 1  

Session 2  

• The teacher takes the measures of the width and length of the garden space vs the planted 

spaces in picture 4 using the ruler then explains how to calculate the perimeter and area.  

• Ask: can we find the perimeter and the area of the garden space? 

Explain to the student that area is the space enclosed within a boundary and that is different 

from a perimeter. 

• Ask the students to look at the garden pictures once again and ask: 

- Is the space inside the garden the same? How is the space different? 

Help the students conclude that the garden’s space differs according to its shape. 

- Ask the students: 

- how do you think will   I be able to cover the floor of the gardens by a carpet lawn. 

Introduce to the students the fact that each and every surface or area is calculated differently. 

Then discuss then area of a rectangle and square mainly.  

Allow the students to solve the first part of  lesson 1 worksheet 2  

Session 3  

- allow the students to work in pair and measure different objects in their classroom using a 

measuring tape including their classroom 

- ask them if they can draw the real picture and sketch their classroom on paper 
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- explain to the students that in order to sketch an object with measures that do not fit on 

the paper we have to follow a scale where we assign a legend and give them examples of 

scales on the board.  

- allow them to use picture 4 of the worksheet and write different scales that can be applied 

to it then solve the second part of the worksheet 2. 

Session 4 ( application session) 

The teacher will ask the students to solve application sheet lesson 1  then correct it in class  

Session 5  

Show the students a video about gardens found in here:  

https://www.youtube.com/watch?v=71jXRxyzI1k 

Ask: what characteristics of a successful school garden are discussed in the videos? 

          What living things and non-living things of a garden are shown in the video? 

Discuss the content of the video with the students. Explain to the students that school gardens 

include living and non living components; they include shady and sunny areas depending on 

the kinds of plants that grow in there. The Living things include plants and animals and the 

non-living include the soil, water, light and air. 

Ask the students: 

- what shape do gardens usually have? 

- Do other shapes exist? How? 

- How is each shape different than the other? 

The teacher will ask the students to sit in groups and on a paper write down the shape of the 

gardens shown in the handout and the characteristics of each 

 

https://www.youtube.com/watch?v=71jXRxyzI1k
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Session 6 

The teacher will ask the students to solve an application sheet 2 in groups and correct it in class. 
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Handout ( Lesson 1 )  

Gardens come in all shapes and sizes, so it’s just a matter of figuring out what will work for you. 

A garden is an outdoor planned space, used for agriculture, learning about plants and other 

aspects of nature. In the garden, we can find both natural and artificial materials as well as living 

and non-living things such as soil, water, light, air… The most common living thing found in the 

garden are the plants.  

Some gardens are for decoration purposes only, while some gardens also produce food crops. 

Garden design is the creation of plans for the layout and planting of gardens and landscapes. 

Gardens may be designed by garden owners themselves, or by professionals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Nature


176 
 

Worksheet ( lesson 1) 

Pictures of different gardens 

Picture 1 

 

 

 

 

Picture 2  

 

 

 

 

 

 

 



177 
 

 

 

 

 

 

 

 

Picture 3  

 

 

 

 

Picture 4  
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Lesson 1 Worksheet 1 

A- What do the four pictures show? 

----------------------------------------------------------------- 

B-  

 

 

 

 

 

 

 

 

 

The soil in picture 2 of the garden  

looks-------------------------  

 

 

 

 

 

 

 

 

Things observed in the garden Living  Non-living 
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Lesson 1 Worksheet 2 

Length of the garden in picture 4 :-------------- 

Width of the garden in picture 4 :--------------- 

Shape of the garden in picture 4------------ 

Perimeter of the garden in picture 4---------------- 

Area of the garden in picture 4 ------------------- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SKETCH the GARDEN 
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Application Sheet 1 Lesson 1 

A student drew the garden below without caring for a proper scale. Choose the right scale 

for the garden and redraw it.  
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Application Sheet 2Lesson 1 

 

Which garden beds of the ones shown above is a rectangle? Justify. 

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------- 

Which garden bed( s) has a square shape? Justify. 

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------

Which garden bed(s) is not a quadrilateral? Justify. 
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Lesson 2: Water and plant growth 

Objectives: the students will be able to: 

- describe how water affects the growth of a plant in the garden. 

- explain that the amount of water affects the plants growth in the garden. 

Materials:  

• Different planted or potted seeds or plants  

Duration:  3 sessions 

Procedure 

Session 1  

 Ask the students: how are the humans able to survive? Do humans have needs? What will 

happen of these needs are not met?  

What do you think will happen to the plants if they are not watered well? 

 Discuss with the students that “all living things have needs that must be met in order to 

live. All human beings make sure they had food, water, air, and adequate shelter to survive. If 

any one of these basic needs were not met, life would be in jeopardy. 

Just like humans, plants require certain elements to develop, reproduce, and survive. Plants need 

room to grow, light, water, air, and nutrients. When these requirements are limited or are not 

provided at all, they can inhibit plant growth or cause the plant to die” (The California 

Foundation for Agriculture in the Classroom, n.d) 

Then show the students two plants ( one watered and another not watered) a or even seeds that 

were watered and seeds that were not watered. 

Ask: what is the difference between the two shown plants? Why do you think they look 

different? 



183 
 

     Allow the students to answer then  

Explain that plants need water to grow.  

Ask the students to sit in groups and draw the effect of water on seed and plant growth 

Session 2  

Ask: do you think that the amount of water affects the growth of the plant? 

Show the students plants watered differently then ask: 

How does each plant look like? 

Which plant needs water? Which plant is overwatered? 

Then explain to the students that the amount of water affects the growth of plants.  Ask them to 

read the related handout individually then solve the related worksheet which will be evaluated 

according to a rubric then correct it in class.
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Lesson 2 Handout 

Water is essential for all livings and plants are no exception. 

The amount of water influences how a plant grows. If the soil contains too much water, the roots 

rot, and the plant won’t get enough oxygen from the soil. If the amount of water is not enough, 

the nutrients that the plant needs won’t travel through it. 

The amount of water needed vary from a type of plant to the other. For instance, some types of 

desert cacti need very little water to survive, whereas other types need constant watering to stay 

healthy. 
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Lesson 2 Worksheet 

Water and plant growth 

Read the handout then answer the questions accordingly 

a- Why is water important for the plant? 

-------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------- 

b- Observe the following then answer the questions accordingly. 

 

• Which plant of the ones shown above is soaked with water? 

---------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------- 

• Explain how this amount of water affects the plant. 

--------------------------------------------------------------------------------------------------------- 
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Lesson 3: Light and plant growth 

Objectives: the students will be able to: 

- observe the effect of light on plants.  

-  describe how sunlight affects the plant. 

- measure the height of different plants 

- convert cm to meter and vice versa 

Duration: 4 sessions 

Materials:  

Two plants ( one exposed to light and another not deprived of light) 

Procedure:  

Session 1 

Show the students a video of how the sunflower behaves to light on the following link: 

https://www.youtube.com/watch?v=g8mr0R3ibPU 

 Ask: How does the sunflower behave in the daylight and during the night? How do you explain 

the behavior of the sunflower? Do all plants need what the sunflower needs? 

Ask the students to open their notebooks and draw the effect of light on plant growth then 

present their work in class. 

Session 2  

Show the students the two plants ( the one exposed to light and the one deprived form light) 

Ask the students: 

How do these plants look like? 

How did the light affect their growth. 

https://www.youtube.com/watch?v=g8mr0R3ibPU
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Explain to the students that the plant is affected by the light and especially the leaves. The leaves 

turn yellow in the absence of light. Even the seeds need light in order to grow well in a healthy 

way.  

Ask the students to describe the two plants in their notebook and present their work in class. 

Ask the students to read the handout and solve the related worksheet.  

Session 3 

Show the students the two plants once again and ask one of the students to measure the length of 

the two plants using a ruler.  

Write the measures on the board 

Ask the student: can I use the ruler to measure the width and length of your classroom? 

Encourage the students to answer and explain their answers. 

Explain to the students that there is a bigger unit than the cm which is the meter and tell them 

that they need to multiply by 100 when they convert from cm to meter or divide by 100 when 

they convert from meter to cm. 

 Then allow the students to sit in pairs and solve an application sheet  

Session 4 

Elaborate: ask the students: 

Do all plants need the same amount of light to grow? And can some plants still survive in the 

darkness? Can we grow some plants indoor? 

Homework:  

The students are going to conduct a small research about two to three kinds of plants and the 

amount of light they need and examples of indoor plants. 

Let the students present their homework in class. 
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Lesson 3 Handout 

It is a fact of life that most plants need light to grow and keep them healthy, but not all plants 

need light to germinate. 

Tiny seeds are normally sown and left uncovered. Even if you sprinkle small seeds that need 

light, sunlight will travel a short distance through the soil. The seeds will still germinate but the 

light will affect the quality of the leaves and their texture as well as the lifespan of the plant. The 

leaves grow yellowish, poor in food and plant will find it hard to survive.  
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Lesson 3 Worksheet  

A- Based on you reading, does the light affect the growth of the seeds? Explain. 

 

B- Why is light important for the plant? 

 

C-  

 

 

 

 

 

 

 

 

Explain how the darkness affected the growth of the seedling shown in the picture above. 

 

 

 

 

 

 

 

 

A B 
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Lesson 3 Math Application Sheet 

I- A building is 10 meters long. Find its height in cm. show your work. 

-------------------------------------------------------------------------------------------------------------- 

II- The diagram below shows the growth and development of a bean seed into a 

plant. 

 

How much has the bean plant grown from stage B to D 

-------------------------------------------- 

III_ Rami was discussing the garden bed he built with his classmate. He explained to him 

that the width of his garden bed is 3 cm whereas its length is 5 cm. 

Is Rami right? Explain 

--------------------------------------------------- 
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Homework 

Based on your research: 

a. Do all plants need the same amount of light? 

b. What do we mean by “ indoor plants?” 

c. Give examples of some indoor plants and the number of sunny hours each plant 

needs. 
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Lesson 4: Types of soil and plant growth 

Objectives: the students will be able to: 

- describe the components of the soil. 

- identify the different types of soil. 

- compare how water passes through various soil types. 

- define volume 

- convert liters to ml 

- solve problems about volume 

Duration: 5 sessions 

Materials:  

-  Different types of soil in small containers: sand, clay, and loam soil 

- Scoop   

- paper cup or lunch size paper bag 

- Permanent Marking Pen-  

- Spray bottle with Water –  

- Coffee filters 

- Clear glass quart jar. 

- Bucket  

- Masking Tape or Labels  

Procedure:  

Session 1  

Ask the students what does the soil do for us? Do farmers use the same type of soil? 

Discuss with the children that soil may differ from a space to another and that there exit 
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different types of soil. And that the teacher is going to show them types of soil in class and 

describe them.  

D. Soil components: 

1. The teacher shows the students the sample of soil. Ask the students 

- what is the color of the soil? 

- does it look wet or dry? Why do you think? 

- what do you think there is inside the soil? 

Explain in class that the soil is made of  

Small inorganic particles: silt or clay 

              Larger inorganic particles: rocks, sand,  

 plant parts: leaves, twigs, etc. 

             Water 

Garbage 

Air 

- Name the type of the soil shown 

- Explain to the students to describe each type of soil and tell them that each type has 

different characteristics that affect the plant growth.  

- Allow the students to draw each type of soil in their notebook and describe it . 

- Then the students read the handout and solve worksheets 1 and 2 classify the 

components of the soil according to  a criteria of their choice 

- Guide the students to classify the soil components into living and non-living. 

Session 2  
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E. Water in different types of soil 

The teacher performs an experiment in front of the students to show how water passes in 

each type of soil. Set the apparatus as shown below. 

The teacher puts each soil sample in a jar. And place a filter paper on each jar. Then pour 

some water in the jar and ask the students to observe and compare the behavior of the water 

in each jar. 

 

Ask the students: 

- What happened to the water in each jar? 

- Did the water drain at the same speed in each one? How do you think this affects 

the growth of the plant? 

“Why is it important to understand how the soil reacts to water?” (It Came from Planted 

Earth, 2006) 

Tell the students that they are going to test the behavior of water in each type of soil. 

Ask :  can you predict how water behaves in each type of soil? 

 • “What happened when the soils were allowed to sit after mixing with water?   

Ask the students work in groups to solve worksheet 3 and correct it in class” (It Came from 

Planted Earth, 2006) 

Session 3  
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Through a video related to types of soil on the following link: 

https://www.youtube.com/watch?v=uS7zfeK4OTQ 

Explain to the students that: 

There are different types of soil -- clay, sandy and loam soil. 

 The clay keeps shape. The sand falls apart and won't hold its shape. The loam keeps its 

shape but is crumbly.  “ Clay soils have the smallest particles. They have numerous pore 

spaces between them and are highly effective holders of both water and nutrients. But small 

pore sizes also don't allow air and water to move through the soil, so clay soils don't drain 

very well. As a result, a plant's roots can essentially suffocate because it can't get any air.   

Sandy soils have just the opposite problem because the pore spaces between particles are 

too large. They drain too well and water and nutrients are leached away before they can do 

your plant much good.  

A good loam is a combination of clay, sand and silt (a medium-sized particle) that holds 

nutrients well and provides good drainage.  A loam soil is ideal for growing most crops. 

Loam soils retain enough water, yet also allow the soil to drain, for an optimum 

combination of water and air at a plant’s roots.  

  Soil controls the distribution of rainfall or irrigation water to runoff, infiltration, storage or 

deep drainage.  Soil acts as a filter to protect the quality of water, air, and other resources” 

(It Came from Planted Earth, 2006 

let the students sit in groups and write a summary about the video then present their work 

in class 

Session 4 

Do formative +correction 

 

https://www.youtube.com/watch?v=uS7zfeK4OTQ
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Session 5  

The teacher will: 

• perform the same experiment of session 2 but with a graduated cylinder. 

• ask the students: 

- Where did the water go? 

- Does the water occupy a specific amount in each cylinder? 

- Are the amounts similar? 

Explain to the students that the space occupied by the water is called the volume 

that I measured in liters or ml just as the length is measured in meters or cm. 

Read the volume of the water in the different cylinders. 

• Do worksheet  
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Lesson 4 Handout 

 “What is soil? Soil is a non- living, dynamic resource that supports plant life. It is 

made of difference size mineral particles (sand, silt, and clay), organic matter and 

numerous species of living organisms. 

Soil has biological, chemical and physical properties that are always changing. 

The process of making soils is very slow. Rocks must be weathered and worn down into 

tiny particles making minerals available, while at the same time organic matter is being 

decayed and mixed with the minerals to form new soil. 

There are only three main types -- clay, sandy and loam soils -- and one very simple way 

tofigure out which is which. Take a handful of soil and squeeze it. If it keeps its shape, 

you've gotclay. If it falls apart and won't hold its shape, it's 

sandy. And if it holds its shape, but is still crumbly, you have loam. 

Clay soils have the smallest particles. They have numerous pore spaces between them and 

are highly effective holders of both water and nutrients. 

But small pore sizes also don't allow air and water to move through the soil, so clay soils 

don't drain very well. As a result, a plant's roots can essentially smother because it can't get 

any air. Sandy soils have just the opposite problem because the pore spaces between 

particles are too large. They drain too well and water and nutrients are leached away before 

they can do your plant much good. 

A good loam is a combination of clay, sand and silt (a medium-sized particle) that  

holds nutrients well and provides good drainage” (It Came from Planted Earth,  

2006) 
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Lesson 4 Worksheet 1 

Components of soil 
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Lesson 4 Worksheet2  

What the Soil Has 

Color the components the soil 
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Lesson 4 Worksheet3 

After seeing the behavior of water in each type of soil, fill in the following chart. 

Water time chart worksheet  

 Soil # 1 Soil # 2 Soil #3 

Infiltration Time   

The time it takes for 

the water to disappear 

from the surface. ( 

fast slow)  

   

Amount Percolated 

in 120 Seconds   The 

amount of water to 

pass through the soil. 

   

Color of Water  

Describe the water in 

the jar.  Is it clear or 

cloudy, color, etc.? 

   

Comments 
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Lesson 4 Worksheet 4 

Observe the following then fill in the table accordingly. 

 

We poured 100 milliliters (mL) of water through four different types of soil. The 

equipment is shown below. 

 

 

Type of soil Volume of water 

poured at the 

beginning of the 

experiment 

Volume of water 

collected  

Volume of water 

collected in 

liters 

Volume of 

water held by 

the type of 

soil 
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Appendix A1 

                                                 21st century skills analysis: Collaboration 

“Collaboration skills refer to the ability of the students to work together, answer questions 
or solve problems, to work respectfully and effectively in groups as to achieve a common 
aim and to share responsibility for completing a task” ( Partnership for 21st Century Skills, 
2006). 

While doing the unit activities the students 
could:  

Never Sometimes Most of the 
time 

1- work in pairs or small groups to 
complete a task together 

   

2- work with others to set goals and 
create a plan for the team 

   

3- create joint efforts using help and 
contributions from their classmates 

   

4- listen to the team and give feedback    

5- present the group work with the 
team to the class 

   

6- share responsibilities in the team    
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Appendix A2 

                                                 21st century skills analysis: Communication 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Communication skills refer to students being able to organize their thoughts, data and 
findings and share these effectively through a variety of media, as well as orally and in 
writing” (Partnership for 21st Century Skills, 2006). 

while doing the unit activities the students could:  Never Sometimes Most of 
the time 

1- organize data and information in written or oral 
presentations (e.g., creating charts, tables or 
graphs)? 

   

2- present and explain the work and ideas  to one 
another or in written 

   

3- deliver  ideas  effectively  and successfully to 
one another  

   

4- explain ideas to one another    
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Appendix A3 

21st century skills analysis: Problem solving and Critical Thinking 

 

“Creativity and critical thinking skills refer to students being able to generate and refine 
solutions to complex problems or tasks based on synthesis, analysis and then combining or 
presenting what they have learned in new and original ways”  (Partnership for 21st Century 
Skills, 2006). 
 

While doing the unit activities the students could:  Never Sometimes Most of 
the time 

1- be interested to solve a problem     

2- take initiative when confronted with a difficult 
problem or question 

   

3- select appropriate technology tools, resources or 
method for completing a task 

   

4- use techniques such as concept mapping, 
drawing brainstorming to help them understand 

   

5- create or use their own ideas to solve a problem    

6- test different ideas and work on improving them     

7- invent or find a solution to a complex, open-
ended question or problem 
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Appendix B         

Formative 1          

Observe the following then answer the questions accordingly. 

 

 

 

 

 

 

 

 

 

 

 

 

A. Fill in the table below: 

Living things Nonliving things 
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B. Some bean seeds need to be watered with 20 ml of water for 8 days in order for them to 

start sprouting.  

Sami used 320 ml of water on the 8 days. He noticed that his seeds didn’t sprout. Explain. 

--------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------- 

C.  

 

 

 

 

 

 

i. What is the shape of the garden shown in the picture above? Explain giving 

two reasons. 

----------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------- 

ii. If the farmer plants a plant that occupies 5 m2. How many plants can the 

farmer place in the space shown above taking into consideration that there 

is no space between the plants? 

-------------------------------------------------------------------------------------------------------------- 

iii. Calculate the perimeter and the area of the garden shown above. 
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-------------------------------------------------------------------------------------------------------------- 

iv. Choose a scale and use the following grid to sketch the above garden.  
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Appendix B1 

Concept distribution of formative 1 

Concept F1 Score of the student 
Living/ non-
living 

A. Observe the document then classify 
what you see into living and non-
living.   

Needs of plant 
growth 

B. Some bean seeds need to be watered 
with 20 ml of water for 8 days in order 
to start sprouting. 

Sami used 320 ml of water on the 8 days. 
He noticed that his seeds didn’t sprout. 
Explain.   

Geometrical 
shape 

C. i. What is the shape of the garden 
shown in the picture above? Explain. 

   
Perimeter C. ii. Calculate the perimeter and the 

area of the garden shown above. 
  

Area C. ii. Calculate the perimeter and the 
area of the garden shown above. 

C.iii.  If the farmer plants a plant that 
occupies 5 cm2. How many plants can the 
farmer place in the space shown above 
taking into consideration that he leaves no 
space between the plants? 
   

Scale C iv. Choose a scale and use the 
following grid to sketch the above 
garden. 

  
 

 

 

 

 

 



209 
 

Appendix B 2 

Skill distribution of formative 1 

Skill F1 Score of the student 
Communication 
 

B. Some bean seeds need to be watered 
with 20 ml of water for 8 days in order 
to start sprouting. 
Sami used 320 ml of water on the 8 
days. He noticed that his seeds didn’t 
sprout. Explain.   

 C i. What is the shape of the garden 
shown in the picture above? Explain. 

 
  C iii. If the farmer plants a plant that 

occupies 5 cm2. How many plants can 
the farmer place in the space shown 
above taking into consideration that he 
leaves no space between the plants? 

 
 Problem 

solving 
&Critical 
thinking  

B. Some bean seeds need to be watered 
with 20 ml of water for 8 days in order 
to start sprouting. 
Sami used 320 ml of water on the 8 
days. He noticed that his seeds didn’t 
sprout. Explain.   

 Ciii.  If the farmer plants a plant that 
occupies 5 cm2. How many plants can 
the farmer place in the space shown 
above taking into consideration that he 
leaves no space between the plants? 

  C ii. Calculate the perimeter and the 
area of the garden shown above. 

  C iv. Choose a scale and use the 
following grid to sketch the 
above garden 
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Appendix C 

Formative 2 

A. Observe the following then answer the questions accordingly. 

 

 

 

 

 

 

a- Which type of soil presented drains the most amount of water? Justify your 

answer. 

-------------------------------------------------------------------------------------------------------------- 

b- Which one of the funnels above contain loam, clay or sand? Justify. 

-------------------------------------------------------------------------------------------------------------- 

C B 
A 

Volume of water 
collected: 8 ml 
Time:  2 min 

Volume of water 
collected: 7 ml 
Time:  2 min 

Volume of water 
collected: 5 ml 
Time:  2 min 



211 
 

 

 

B. Observe the following the circle the right answer. 

A grade 4 student planted similar in three pots seeds under different conditions. Theses 

seeds grew as follows.  

( answer the first three questions based on the drawing below) 

 

 

 

 

 

1. Plant -----   is healthy. 

a. A 

b. B 

c. C 

2. Plant   A needs -----. 

a. light 

b. water  

c. compost soil 

3. Without -------------  plant  C grew weak. 

a. water 

B C A 

Water  
Silt Soil  
 Light 

Silt Soil  
 

Water  
Silt Soil  
Light 
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b. compost soil 

c. Light 

4. What will happen to a plant left in the dark? 

a. It will grow green and healthy  

b. It will turn yellow 

c. It will go to sleep 

C. Rami planted his lentil seeds in sand. The lentil seeds took so much time to grow 

and develop. Explain the reason why the seeds took so much time to grow and what 

do you advise Rami to do instead. ----------------------------------------------------------- 

D.  Some students did a tomato culture ( planted some tomatoes) outside the soil and 

the tomatoes survived. 

List the conditions that help a tomato plant survive in such a case. And explain your 

answer. 

-------------------------------------------------------------------------------------------- 

E. According to your knowledge about the types of soil discussed in class fill in the 

following concepts map. 

 

Type 
of soil 

retain enough 
water and air 

big particles 

clay 
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Appendix C1 

 Concept distribution of formative 2 

Concept F2 Score of the student  
Needs of plant 
growth 

a- Which type of soil presented 
drains the most amount of 
water? Justify your answer.   

 A.b.Which one of the funnels 
above contain loam, clay or 
sand? Justify. 

  B. Observe the following the 
circle the right answer. 

   C.Rami planted his lentil seeds 
in sand. The lentil seeds took so 
much time to grow and develop. 
Explain the reason why the seeds 
took so much time to grow and 
what do you advise Rami to do 
instead.    

 D. Some students did a tomato 
culture ( planted some tomatoes) 
outside the soil and the tomatoes 
survived. 
List the conditions that help a 
tomato plant survive in such a 
case. And explain your answer. 
   

 E. According to your knowledge 
about the types of soil discussed 
in class fill in the following 
concepts map. 
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Appendix C2  

Skill distribution of formative 2 

Skill F2 
Score of the 
student 

Communication 
A.a-  Which type of soil presented drains the most 
amount of water? Justify your answer.   

 
B.b.Which one of the funnels above contain loam, 
clay or sand? Justify. 

   C.Rami planted his lentil seeds in sand. The lentil 
seeds took so much time to grow and develop. 
Explain the reason why the seeds took so much time 
to grow and what do you advise Rami to do instead.  

  D. Some students did a tomato culture ( planted some 
tomatoes) outside the soil and the tomatoes survived. 
List the conditions that help a tomato plant survive in 
such a case. And explain your answer. 

 Critical thinking  
B. Observe the following the circle the right answer.   

  C.Rami planted his lentil seeds in sand. The lentil 
seeds took so much time to grow and develop. 
Explain the reason why the seeds took so much time 
to grow and what do you advise Rami to do instead.  

  D. Some students did a tomato culture (planted some 
tomatoes) outside the soil and the tomatoes survived. 
List the conditions that help a tomato plant survive in 
such a case. And explain your answer. 

  E. According to your knowledge about the types of 
soil discussed in class fill in the following concepts 
map. 
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Appendix D 

Unit Test 

A. Circle the right answer 

a- All of the following organisms are living  things except: 

a. sun 

b. Plants 

c. worms 

d. Flowers 

  b- What is NOT a need of the plant growth? 

a. water 

b. sunlight 

c. soil 

d. Leaves 

c- Without light the seeds will grow 

a- Tall 

b- White  

c- Green 

d- Healthy 
 

d- Plants absorb all of the follow EXCEPT...... 

a- water    

b- carbon dioxide   

c- sunlight    

d- sand 
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e- In heavy, poorly drained soil, always backfill the planted hole with 

a- soil removed from the hole   

b-  a sand and clay mixture    

c-  a loamy mixture    

d- peat moss  

f- When should watering be done?  

a-  Once a week    

b- When the plant needs it    

c- At planting and frequently after     

d- When the plant is very dry.   

g- How would you describe the texture of "sandy" soil? 

a-  sticky   

b-  gritty    

c- smooth   

d-  slimy  

h- Brandon dug a hole in his backyard. He found soil that was smooth, red, and has 

very small grains. Brandon's soil probably contained a large amount of ----------- 

a- not enough information to tell    

b- sand    

c- humus    

d- clay  

i- Harry is sowing seeds. Where is he sowing the seeds? 
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a- In sand 

b- In soil 

c- In water 

d- In jelly 

 

 

j- Does the picture 

show a healthy germinating seed? 

Why? 

-----------------------------------------

----------------------------------------- 

B-  Observe the following experiment then answer the questions: 

Here is a number of beans that have been planted in different ways 

 

http://www.educationquizzes.com/library/KS1-Science/Seeds-and-Bulbs-4.jpg
http://www.educationquizzes.com/library/KS1-Science/Seeds-and-Bulbs-4.jpg
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a- Which beans do you think will grow? Why?  

-------------------------------------------------------------------------------------------------------------- 

c- Referring to the experiments above, what are the needs of the plant to grow? 

C- Observe the following experiments and answer the questions that 

follow.  

 

 

 

 

Experiment Result 
A No growth 

B No growth 

C No growth 

D Fully grown 
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a- Compare the conditions and the results of two plants in experiments B and D.  

--------------------------------------------------------------------------------------------- 

b- Which of these plants will not grow normally? Justify.   

-------------------------------------------------------------------------------------------------------------- 

d- Referring to the experiments above, deduce the plants’ needs to grow normally.   

-------------------------------------------------------------------------------------------------------------- 

D. Some bean seeds need to be watered with 30 ml of water for 7 days in order for 

them to start sprouting.  

Sami used 100ml of water on the 7 days. He noticed that his seeds didn’t sprout. Explain. 

-------------------------------------------------------------------------------------------------------------- 

E.  

 

 

 

 

 

 

 

 

- How many similar garden beds can Sami put in his garden taking into consideration 

that the width of the bed is 2.5 meters and its length is 2 meters.------------------------

---------------------------------------------------------------------------------------------------- 
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Appendix D1 
Concept distribution of final unit test 

Concept Question in the final test 
Score of 
the student 

Living/ 
non-living 

 Aa.  All of the following organisms are living  things 
except: 
a. sun 
b. Plants 
c. worms 
d. Flowers 

 
 

  
Needs of 
plant 
growth 

  
  Ab.What is NOT a need of the plant growth? 

a. Water 
b. Sunlight 
c. Soil 
d. Leaves 

 
A d. Plants absorb all of the follow EXCEPT...... 
water    
carbon dioxide   
sunlight    
blood  
 
A e.In heavy, poorly drained soil, always backfill the 
planted hole with 
soil removed from the hole   
 a sand and clay mixture    
 a loamy mixture    
peat moss  
 
A f. When should watering be done?  
 Once a week    
When the plant needs it    
At planting and frequently after     
When the plant is very dry.   
 
 
A g. How would you describe the texture of "sandy" soil? 
 sticky   
 gritty    
smooth   
 slimy  
 
A h. Brandon dug a hole in his backyard. He found soil   
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that was smooth, red, and has very small grains. Brandon's 
soil probably contained a large amount of -----------. 
not enough information to tell    
sand    
humus    
clay  
 

A. i. Harry is sowing seeds. Where is he sowing the 
seeds? 

In sand 
In soil 
In water 
In jelly 
A j. Does the picture show a healthy germinating seed? 
Why? 
 
B a. Which beans do you think will grow? Why?  
B b. Referring to the experiments above, what are the 
needs of the plant to grow. 
 
C a. Compare the conditions and the results of two plants 
in experiments B and D. 
 
C b. Which of these plants will not grow normally? 
Justify.   
Cc. Referring to the experiments above, deduce the 
plants’ needs to grow normally.   

C. Some bean seeds need to be watered with 30 ml of 
water for 7 days in order for them to start 
sprouting.  

Sami used 100ml of water on the 7 days. He noticed that 
his seeds didn’t sprout. Explain. 
 

Area D. How many similar garden beds can Sami put in 
his garden taking into consideration that the width 
of the bed is 2.5 meters and its length is 2 meters.   

Problem 
solving 

C. Some bean seeds need to be watered with 30 ml of 
water for 7 days in order for them to start 
sprouting.  

Sami used 100ml of water on the 7 days. He noticed that 
his seeds didn’t sprout. Explain. 
 

D. How many similar garden beds can Sami put in 
his garden taking into consideration that the width 
of the bed is 2.5 meters and its length is 2 meters. 
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Appendix D2 

Skill distribution of final unit test 

Skill Final Test 
Score of the 
student 

Communication  A j. Does the picture show a healthy 
germinating seed? Why? 
 
Ba.Which beans do you think will grow? Why? 
 
C a. Compare the conditions and the results of 
two plants in experiments B and D. 
 
 
C b. Which of these plants will not grow 
normally? Justify.   
D. Some bean seeds need to be watered with 30 
ml of water for 7 days in order for them to start 
sprouting.  
Sami used 100ml of water on the 7 days. He 
noticed that his seeds didn’t sprout. Explain.   

Critical 
thinking  

 A j. Does the picture show a healthy 
germinating seed? Why? 
 
Ba.Which beans do you think will grow? Why? 
 
B b. Referring to the experiments above, what 
are the needs of the plant to grow. 
 
C b. Which of these plants will not grow 
normally? Justify.   
Cc. Referring to the experiments above, deduce 
the plants’ needs to grow normally. 
E.How many similar garden beds can Sami put 
in his garden taking into consideration that the 
width of the bed is 2.5 meters and its length is 2 
meters.   
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Appendix E 1 
 

Scores of concepts by instrument by question 

Control 
group Formative 1  

        
  Q A QB   Q Ci   Q C ii Q C iii Q C iv 

st
ud

en
ts 

co
nc

ep
t 1

 : 
liv

in
g-

 
no

nl
iv

in
g 

( 4
 r

ig
ht

 
an

sw
er

s)
 

co
nc

ep
t 2

: n
ee

ds
 

  co
nc

ep
t 3

: p
ro

pe
rti

es
 o

f 
ge

om
et

ric
al

 sh
ap

es
 

  co
nc

ep
t 4

: p
er

im
et

er
 

co
nc

ep
t 5

 : 
ar

ea
 

co
nc

ep
t 5

 : 
ar

ea
 

co
nc

ep
t 6

 : 
Sc

al
e 

( 
pr

es
en

ta
tio

n 
of

 sc
al

e+
 

dr
aw

in
g)

  

1 1 0   0.5   0.5 0 0 0 
2 1 0.5   0.5   0.5 0.5 0 0.5 
3 1 0.5   0.5   0.5 0 0 0 
4 1 0.5   0.5   0.5 0 0 0.5 
5 1 1   0.5   0 0 0 0 
6 1 0.5   0.5   0.5 0 0 0 
7 1 0   0.5   0.5 0.5 0 0 
8 1 0   1   0 0 0 1 
9 1 0.5   1   0.5 0 0 0 

10 1 0   1   0.5 0 0.5 0 
11 1 0.5   0   0.5 0 0 0 
12 1 0.5   1   1 0 0 0.5 
13 1 0   1   0 0 0.5 0 
14 1 0.5   1   0 1 0 1 
15 1 0   1   0.5 0 0 0 
16 1 0.5   1   0.5 0 0 0 
17 1 0   1   0.5 1 0.5 0 
18 1 0.5   1   0.5 0 0.5 0 
19 1 0   1   0.5 0 0 1 
20 1 0.5   0   0.5 0 0 0 
21 1 1   1   0.5 0 0.5 0 
22 1 0   1   0.5 0 0 0.5 
23 1 0.5   1   0.5 0 0.5 0 
24 1 0.5   1   0.5 0 0 0 
25 1 0   1   0.5 0 0 0.5 

total 
score 25 8.5   19.5   11 3 3 5.5 
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Appendix E 2 

Scores of skill abilities by instrument by question 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Activity sheet 3  
  Experimental 

group Q A, B & C Q B&C 

students 

Communication  
ability 2 : explain 
ideas 

Critical Thinking   
ability 7: find a 
solution to  a question 

1 2 2 
2 2 2 
3 2 2 
4 3 3 
5 2 2 
6 2 2 
7 2 2 
8 2 2 
9 3 3 

10 2 2 
11 2 2 
12 2 2 
13 3 3 
14 3 3 
15 3 3 
16 3 3 
17 2 2 
18 2 2 
19 3 3 
20 3 3 
21 3 3 
22 2 2 
23 2 2 
24 2 2 
25 2 2 

      
Total score 59 59 
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Appendix E 3 

Scores by concept by instrument experimental vs control group 

 

 

Control 
group Formative 1  act sheet 2 pre-test post-test 

  Q C iv QC Q 18 a Q 18 a 

students 

concept 6 : Scale ( 
presentation of 
scale+drawing)  

concept 5 : Scale ( 
presentation of 
scale+drawing)  

concept 5 
:scale 

concept 5 
:scale 

1 0 0.5 0 1 
2 0.5 0.5 0 1 
3 0 0 0 0.5 
4 0.5 0 0 0.5 
5 0 0 0 0.5 
6 0 0 0 0.5 
7 0 0 0 0 
8 1 0 0 0 
9 0 0 0 0 

10 0 0 0 0 
11 0 0 0 0 
12 0.5 0 0 0 
13 0 0 0 1 
14 1 0 0 0.5 
15 0 0 0 0 
16 0 1 0 0 
17 0 0 0 0.5 
18 0 0 0 0 
19 1 0 0 0 
20 0 1 0 0 
21 0 1 0 0 
22 0.5 0 0 0 
23 0 0 0 0 
24 0 0 0 0 
25 0.5 0 0 0 

          
total score 5.5 4 0 6 
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Experimental Formative 1  Activity  sheet 2 pre-test post-test 

  Q C iv QC Q 18 a Q 18 a 

students 

concept 5 : Scale 
( presentation of 
scale+drawing)  

concept 5 : Scale ( presentation 
of scale+drawing)  

concept 
5 :scale 

concept 
5 :scale 

1 0.5 0.5 0 1 
2 1 0.5 0 1 
3 0.5 1 0 1 
4 0 1 0 1 
5 0.5 1 0 1 
6 0.5 1 0 1 
7 0 0 0 1 
8 0.5 0.5 0 1 
9 0.5 0.5 0 0.5 

10 1 0.5 0 0.5 
11 1 1 0 0 
12 0.5 1 0 0 
13 0.5 1 0 1 
14 0.5 1 0 0.5 
15 0.5 1 0 0 
16 0.5 0.5 0 0 
17 0 0.5 0 0.5 
18 1 0.5 0 0.5 
19 0.5 0.5 0 0.5 
20 0.5 0.5 0 0 
21 0.5 0.5 0 0.5 
22 1 0.5 0 0.5 
23 0 0.5 0 0 
24 0.5 0.5 0 0 
25 0.5 0 0 0 

          
total score 13 16 0 13 
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Appendix E 4 

Scores by ability by instrument experimental vs control group 

C
on

tr
ol

 
gr

ou
p 

act sheet 4 pretest post-test 

 
Q A, B & C 

Q 13, 14, 15, 17 a,b,c 18 a, 
b, c, d  

Q 13, 14, 15,16, 17 a,b,c 18 a, 
b, c, d  

st
ud

en
ts

 Critical Thinking   
ability 5: use their 
ideas to solve a 
problem 

Critical Thinking   ability 
5: use their own ideas to 
solve a problem 

Critical Thinking   ability 5: 
use their own ideas to solve a 
problem 

1 1 4 8 
2 1 4 8 
3 0.5 4 8 
4 0.5 4 8 
5 1 4 8 
6 1 4 8 
7 1 4 8 
8 1 4 8 
9 0.5 3 8 

10 1 3 7 
11 1 3 7 
12 2 4 7 
13 2 4 7 
14 2 4 7 
15 2 4 6 
16 2 3 6 
17 1 3 6 
18 0.5 3 6 
19 1 3 5 
20 1 3 4 
21 1 3 5 
22 3 3 5 
23 1 3 6 
24 3 3 8 
25 1 3 9 

total 
score 32 87 173 
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E
xp

er
im

en
ta

l 
gr

ou
p 

act sheet 4 pretest post-test 

 
Q B 

Q 13, 14, 15, 17 a,b,c 
18 a, b, c, d  

Q 13, 14, 15,16, 17 a,b,c 18 a, b, 
c, d  

students 

Critical 
Thinking   
ability 5: use 
their ideas to 
solve a problem 

Critical Thinking   
ability 5: use their own 
ideas to solve a 
problem 

Critical Thinking   ability 5: 
use their own ideas to solve a 
problem 

1 1 3 8 
2 1 3 8 
3 2 3 8 
4 2 3 8 
5 2 3 8 
6 2 4 8 
7 2 4 8 
8 2 4 9 
9 2 3 9 

10 2 3 9 
11 2 3 9 
12 2 4 7 
13 2 4 7 
14 2 4 8 
15 2 4 8 
16 2 4 6 
17 2 4 6 
18 1 4 7 
19 1 4 7 
20 1 3 7 
21 1 3 7 
22 2 3 4 
23 1 3 6 
24 1 3 8 
25 2 3 9 

total 
score 42 86 189 
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Appendix E 5 

Average scores of concepts and abilities by instrument control vs 
experimental group 

 

 
Concept Scores 

 

pr
e-

te
st

 

ac
tiv

ity
  s

he
et

 1
 

fo
rm

at
iv

e 
as

se
ss

m
en

t 1
 

ac
tiv

ity
 sh

ee
t 2

 

ac
tiv

ity
 sh

ee
t 3

  

fo
rm

at
iv

e 
as

se
ss

m
en

t 2
 

ac
tiv

ity
 sh

ee
t 4

 

ac
tiv

ity
 sh

ee
t 5

 

un
it 

te
st

 

po
st

-te
st

 

Living/nonliving  
ctrl  12 25 25           25 16 
Living/non-
living  exp 12 25 25           25 18 
                      
Needs of plant 
growth ctrl 10 10.5 8.5   10 12.5 10.5 15 15.5 13 
Needs of plant 
growth exp 13 20.5 12.5   19.5 17 21 21.5 19 19.5 
                      
Properties of 
geometrical 
shapes ctrl 11.5   19.5 14           17.5 
Properties of 
geometrical 
shapes exp 12.5   18 20.5           20.5 
                      
Perimeter ctrl 12   11 10.5           12 
Perimeter exp 12   16 21.5           17 
                      
Area ctrl 2   3 6.5         8 5 
Area exp 2   9.5 10.5         17.5 16 
                      
Scale ctrl 0   5.5 4           6 
Scale exp  0   13 16           13 
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Critical Thinking 

 
pr

e-
te

st
 

ac
tiv

ity
  s

he
et

 1
 

fo
rm

at
iv

e 
as

se
ss

m
en

t 1
 

ac
tiv

ity
 sh

ee
t 2

 

ac
tiv

ity
 sh

ee
t 3

  

fo
rm

at
iv

e 
as

se
ss

m
en

t 2
 

ac
tiv

ity
 sh

ee
t 4

 

ac
tiv

ity
  s

he
et

 5
 

un
it 

te
st

 

po
st

-te
st

 

Ability  3 : select 
appropriate tool or 
method for 
completing a task 
(ctrl)      19.5     9.3     17   
Ability  3 : select 
appropriate tool or 
method for 
completing a task 
(exp)      19.5     16     20.5   
                      
Ability 4: use concept 
mapping (ctrl) 3   6     21.5   15.5 19 13 
Ability 4: use concept 
mapping (exp) 6   12     24   21.5 27 20.5 
                      
Ability 5 : Use their 
own ideas to solve a 
problem (ctrl) 9           11     15 
Ability 5 : Use their 
own ideas to solve a 
problem (exp) 9           14     17 
                      
Ability 7: find a 
solution to an open 
ended question or 
problem (ctrl) 9.5       14         10 
Ability 7: find a 
solution to an open 
ended question or 
problem (exp) 10       29.5         19 
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Appendix E 6 

Concept scores, percent change and t-test results in pre and post-test 

 

 
Concept 2 : needs ( type of soil+justification) 

 
Control   Experimental 

 
pre-test Post-test   pre-test Post-test 

 
(8 items)  ( 6 items) 

 
(8 items) (6 items) 

students     
 

    
1 4 4 

 
3 3 

2 3 3 
 

3 5 
3 3 3 

 
3 5 

4 3 3 
 

4 5 
5 3 3 

 
4 5 

6 3 3 
 

4 5 
7 3 2 

 
4 5 

8 4 4 
 

4 5 
9 2 4 

 
4 3 

10 1 2 
 

3 3 
11 3 3 

 
5 3 

12 4 1 
 

3 3 
13 4 2 

 
2 3 

14 3 2 
 

3 3 
15 3 3 

 
3 3 

16 3 4 
 

3 4 
17 3 4 

 
2 4 

18 3 4 
 

3 4 
19 5 5 

 
3 4 

20 3 3 
 

3 4 
21 3 4 

 
3 4 

22 3 4 
 

2 4 
23 3 3 

 
2 3 

24 3 3 
 

2 4 
25 3 3 

 
2 4 

      
 

    
total 
score 78 79 

 
77 98 
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Percent 
change     

Control Experimental   
      

      
16.6666667 12.5   

12.5 45.83333333   
12.5 45.83333333   
12.5 33.33333333   
12.5 33.33333333   
12.5 33.33333333   

-4.1666667 33.33333333   
16.6666667 33.33333333   
41.6666667 0   
20.8333333 12.5   

12.5 -12.5   
-33.333333 12.5   
-16.666667 25   
-4.1666667 12.5   

12.5 12.5   
29.1666667 29.16666667   
29.1666667 41.66666667   
29.1666667 29.16666667   
20.8333333 29.16666667   

12.5 29.16666667   
29.1666667 29.16666667   
29.1666667 41.66666667   

12.5 25   
12.5 41.66666667   
12.5 41.66666667   

      
13.6666667 26.83333333 mean 
15.6606076 14.63680673 Std Dev 

 

 

 

t-Test: Two-Sample Assuming Equal 
Variances 

     Variable 1 Variable 2 
Mean 13.6666667 26.8333333 
Variance 245.25463 214.236111 
Observations 25 25 
Pooled Variance 229.74537 

 H0 Mean 
Difference 0 

 df 48 
 t Stat -3.0711955 
 P(T<=t) one-tail 0.00175291 
 t Critical one-tail 1.6772242 
 P(T<=t) two-tail 0.00350581 
 t Critical two-tail 2.01063476   



233 
 

Appendix E 7 
Abilities scores, percent change and t-test results in pre and post-test 

 

C
ri

tic
al

 
th

in
ki

ng
 

A
bi

lit
y 

7:
 

fin
d 

a 
so

lu
tio

n 
to

 
a 

qu
es

tio
n 

       
 

Ctrl Ctrl Ctrl 
 

Exp Exp Exp 
 

 
Pre (8) 

Post 
(11) % change 

 
Pre (8) 

Post 
(11) % change 

 
Student 

        1 4 5 -4.54545 
 

3 8 35.22727 
 2 4 5 -4.54545 

 
3 8 35.22727 

 3 4 5 -4.54545 
 

3 8 35.22727 
 4 4 5 -4.54545 

 
3 8 35.22727 

 5 4 5 -4.54545 
 

3 8 35.22727 
 6 4 5 -4.54545 

 
3 8 35.22727 

 7 4 5 -4.54545 
 

3 8 35.22727 
 8 4 6 4.545455 

 
3 8 35.22727 

 9 4 6 4.545455 
 

4 8 22.72727 
 10 4 6 4.545455 

 
4 9 31.81818 

 11 4 6 4.545455 
 

4 10 40.90909 
 12 4 6 4.545455 

 
4 8 22.72727 

 13 3 7 26.13636 
 

4 8 22.72727 
 14 3 6 17.04545 

 
4 8 22.72727 

 15 3 6 17.04545 
 

4 9 31.81818 
 16 3 6 17.04545 

 
4 9 31.81818 

 17 2 6 29.54545 
 

4 9 31.81818 
 18 2 6 29.54545 

 
2 9 56.81818 

 19 2 6 29.54545 
 

2 10 65.90909 
 20 2 6 29.54545 

 
2 8 47.72727 

 21 2.5 6 23.29545 
 

2.5 8 41.47727 
 22 2.5 6 23.29545 

 
2.5 8 41.47727 

 23 2.5 6 23.29545 
 

2.5 8 41.47727 
 24 1 6 42.04545 

 
1 7 51.13636 

 25 2 6 29.54545 
 

2 7 38.63636 
 

         
   

13.11364 mean 
  

37.02273 mean 

   
14.80994 

std 
dev 

  
10.34585 std dev 
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t-Test: Two-Sample Assuming Equal Variances 

    
  

Variable 
1 

Variable 
2 

 Mean 13.11364 37.02273 
 Variance 219.3343 107.0366 
 Observations 25 25 
 Pooled Variance 163.1855 

  Hypothesized Mean 
Difference 0 

  df 48 
  t Stat -6.61725 
  P(T<=t) one-tail 1.42E-08 
  t Critical one-tail 1.677224 
  P(T<=t) two-tail 2.84E-08 
  t Critical two-tail 2.010635   
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Appendix 3 

Pre-test 

Multiple choices 

1- In this drawing the green plants are 

 

a- metals 

b- living  

c- nonliving  

d- heavy  

the reason for my answer is because 

a- green plants are metals 

b- green plants live in water 

c- green plant grow and change  

2- The ----------- helps the plant get nutrients to survive? 

a- sun 

b- water 

c- soil 
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d- b & c 

the reason for my answer is because 

a- nutrients are built by the sun  

b- nutrients are built by the water 

c- nutrients come from decomposed animal and plant wastes 

3- Teresa and Rafael set up their terrariums for a class project. Teresa 

never had to water hers but Rafael had to water his almost every other day. Why do you 

think this happened? 

 

 

 

 

 

a- Teresa poured more water in hers before closing it up. 

b- Rafael used different soda bottles to set his up. 

c- Rafael decided to leave the top off and water evaporated quickly. 

d- Teresa used plant food and Rafael did not. 

the reason for my answer is because 

a- Rafael’s Terrarium gets recycled water 

b- Teresa’s terrarium gets recycled water 

c- Teresa’s terrarium dries out quickly 

4- What are the non-living things in an ecosystem ? 

a- Plants and animals 

b- Sun, soil, water, rocks and air 
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c- Sun, plants and animals 

d- Plants, animals, soil and water 

the reason for my answer is because 

a- Non-living things show signs of life.  

b- Non-living things grow and change. 

c- Non-living things lack signs of life. 

5- Ramzi wants to fence his rectangular garden.  What is the perimeter of his yard? 

 

a- 25 meters 

b- 50 meters 

c- 150 meters 

d- 250 meters 

the reason for my answer is because 

a- The length is added to the width and multiplied  by two 

b- The length is divided by the width  

c- The length and width are subtracted and multiplied by two 

6- Rana sketched the following garden on a white paper. 

The garden has a --------------  shape 
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a- Rectangular 

b- Triangular 

c- Square 

d- Trapezoid  

the reason for my answer is because the garden has 

a- two equal opposite parallel sides 

b- two opposite parallel sides 

c- three right angles 

7- Your teacher brought to class a sample of mixtures composed form small rocks, 

sand and silt. 

 

 

Water drains the fastest in : 

a- Pot A 

b- Pot B 

c- Pot C 

d- Pot D 
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the reason for my answer is because 

a- Rocks are the biggest particles, sand the medium sized ones and silt the smallest 

particles amongst the three 

b- Silt  are the biggest particles, sand the medium sized ones and rocks the smallest 

particles amongst the three 

c- Sand  are the biggest particles, rocks the medium sized ones and silt the smallest 

particles amongst the three. 

8- A student placed two plants, A and B, near a sunny window to study plant growth. 

Plants  A and  B were the same type of plant and received the same amount of 

water. Plant  B was covered with a box . The results after several weeks are shown 

in the diagram. 

 

 

 

 

 

 

Plant B withered due to the : 

a- presence of air 

b- absence of water 

c- absence of light 

d- absence of soil 
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the reason for my answer is because 

a- Plant A is  covered by a opaque box 

b- Plant B is exposed to sunlight 

c- Plant B is covered by an opaque box 

9- Given the following garden with the following scale 

1 square= 10 cm 

 

The area of C will be 

a- 25 cm2 

b- 2500 cm2 

c- 75 cm2 

d- 100 cm2 

D 

C B 

A 
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the reason for my answer is because 

a- Area of  C is side x side    /  the real side= number of squares x  10 cm  

b- Area of  C is side +side   /      the real side= number of squares x  10 cm  

c- Area of  C is side x side  /        the real side = number of squares +10 

10- The four bean seeds in the diagram below were planted in different types of soil. 

Each seed was given the same amount of water and sunlight each day.  

Based on the growth and development of the bean seeds, which one is most likely planted 

in loam soil? 

 

 

 

a- A 

b- B 

c- C 

d- D 

the reason for my answer is because 

a- Clay soil holds nutrients and provides good drainage of water 

b- Sandy soil holds nutrients and provides good drainage of water 

c- Loam soil holds nutrients and provides good drainage of water 

11- ------------ are components that can be found in the soil 

a- Worms 

b- Roots 

c- Dead leaves 

d- All of the above 
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the reason for my answer is because 

a- Soil is composed of living things  

b- Soil is composed of non-living things 

c- Soil is composed of  living and non-living things 

Concept map 

12- Complete the following concept map 

 

 

13- T/F and justify your answer . 

A student planted two bean seeds in two identical pots containing the same type of soil. He 

placed one pot in a closet and the other near a sunny window. Each day he watered the two 

pots. 

The student is testing the effect of water on the growth of the seeds.     T      F 

 

In a garden we find  

living 

water 

Animals soil 

sand 

air 
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14- The diagram below shows different stages in the growth of a bean seed and 

development of a bean plant.  The student measures the growth in cm of the seed 

above the soil and matches each measure to a stage. He writes: 

Stage A : 0 cm long 

Stage B:  0 cm long 

Stage C:  4  cm long 

Stage D:  2 cm long 

 

The measures written by the student are correct.                    T                        F 

 

---------------------------------------------------------------------------------------------------- 

15- Even though the car moves it is a non-living thing    T                   F 

---------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------- 
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16- The bar graph below represents the data given in the table  

 

 

 

 

 

 

 T                    F  

Open ended questions 

17- A gardener performs an experiment growing four types of plants in different 

conditions. Each plant is 10 centimeters tall at the beginning of the experiment. The 

conditions and the results of the experiment are shown in the table below 

 water sunlight Type of soil results 

Plant A X X silt  15 cm  

0

2

4

6

8

10

12

Bean height in
march

bean height in
April

bean height in
May
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Plant B X X sand 12 cm 

Plant C X  clay 10 cm 

Plant D  X silt 10 cm 

 

X: means absence 

a- Explain why there is a difference in the height of the four plants. 

----------------------------------------------------------------------------------------------------------- 

b- What is the difference in height of plant A at the beginning and at the end of the 

experiment?-------------------------------------------------------------------------------------- 

c- Are the plants living or non-living things? Explain.--------------------------------------- 

18- A garden bed has a square shape  of   200 cm side. It is sketched in the drawing 

below.  

 

 

 

 

 

 

a- Write the scale of the sketch shown. 

-------------------------------------------------------------------------------------------------- 

b- Find the perimeter of this bed. 

---------------------------------------------------------------------------------------------------- 

c- Explain the reason why this bed is a square. 
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---------------------------------------------------------------------------------------------------- 

d- Calculate the area of the planted spots in this garden bed. Show and explain your 

work. 
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Appendix 3 a 
Concept distribution of the pre-test 

Concept Question in pre-test Total 
number of 
questions 

Score of 
the 
student 

Living/ 
non-living 

1- In this drawing the green plants are: 
a- metals 
b- living  
c- nonliving  
d- heavy  

the reason for my answer is because 
a- green plants are metals 
b- green plants live in water 
c- green plant grow and change  

4- What are the non-living things in an ecosystem ? 
a- Plants and animals 
b- Sun, soil, water, rocks and air 
c- Sun, plants and animals 
d- Plants, animals, soil and water 

the reason for my answer is because 
a- Non-living things show signs of life.  
b- Non-living things grow and change. 
c- Non-living things lack signs of life. 

11------------- are components that can be found in the 
soil 

a- Worms 
b- Roots 
c- Dead leaves 
d- All of the above 

the reason for my answer is because  
a- Soil is composed of living things  
b- Soil is composed of non-living things 
c- Soil is composed of  living and non-living 

things 
12- Complete the following concept map. 
15-Even though the car moves it is a non-living thing    
T                   F 
17 c- Are the plants living or non-living things? 
Explain. 
 

6  

Needs of 
plant 
growth 

2- The ----------- helps the plant get nutrients to 
survive? 

a- sun 
b- water 
c- soil 
d- b & c 

8  
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the reason for my answer is because 
a- nutrients are built by the sun  
b- nutrients are built by the water 
c- nutrients come from decomposed animal and 

plant wastes 
 
3-Teresa and Rafael set up their terrariums for a class 
project. Teresa never had to water hers but Rafael had 
to water his almost every other day. Why do you 
think this happened? 

a- Teresa poured more water in hers before 
closing it up. 

b- Rafael used different soda bottles to set his 
up. 

c- Rafael decided to leave the top off and water 
evaporated quickly. 

d- Teresa used plant food and Rafael did not. 
 
7-Your teacher brought to class a sample of mixtures 
composed form small rocks, sand and silt. 
Water drains the fastest in : 

a- Pot A 
b- Pot B 
c- Pot C 
d- Pot D 

 
the reason for my answer is because  
 

a- Rocks are the biggest particles, sand the 
medium sized ones and silt the smallest 
particles amongst the three 

b- Silt  are the biggest particles, sand the 
medium sized ones and rocks the smallest 
particles amongst the three 

c- Sand  are the biggest particles, rocks the 
medium sized ones and silt the smallest 
particles amongst the three 

 
8-A student placed two plants, A and B, near a sunny 
window to study plant growth. Plants  A and  B were 
the same type of plant and received the same amount 
of water. Plant  B was covered with a box . The 
results after several weeks are shown in the diagram. 
Plant B withered due to the : 

a- presence of air 
b- absence of water 
c- absence of light 



249 
 

d- absence of soil 
 
the reason for my answer is because  

a- Plant A is  covered by a opaque box 
b- Plant B is exposed to sunlight 
c- Plant B is covered by an opaque box 

 
10- The four bean seeds in the diagram below were 
planted in different types of soil. Each seed was given 
the same amount of water and sunlight each day.  
Based on the growth and development of the bean 
seeds, which one is most likely planted in loam soil? 

a- A 
b- B 
c- C 
d- D 

 
the reason for my answer is because  

a- Clay soil holds nutrients and provides good 
drainage of water 

b- Sandy soil holds nutrients and provides good 
drainage of water 

c- Loam soil holds nutrients and provides good 
drainage of water 

 
13- A student planted two bean seeds in two identical 
pots containing the same type of soil. He placed one 
pot in a closet and the other near a sunny window. 
Each day he watered the two pots. 
The student is testing the effect of water on the 
growth of the seeds.T      F 
 
14-The diagram below shows different stages in the 
growth of a bean seed and development of a bean 
plant.  The student measures the growth in cm of the 
seed above the soil and matches each measure to a 
stage. He writes: 
Stage A : 0 cm long 
Stage B:  0 cm long 
Stage C:  4  cm long 
Stage D:  2 cm long 
 
The measures written by the student are correct.                    
T                        F 
17-A gardener performs an experiment growing four 
types of plants in different conditions. Each plant is 
10 centimeters tall at the beginning of the 
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experiment. The conditions and the results of the 
experiment are shown in the table below 
a-Explain why there is a difference in the height of 
the four plants. 
 

Geometric
al shape 

6-Rana sketched the following garden on a white 
paper. 
The garden has a --------------  shape 

a- Rectangular 
b- Triangular 
c- Square 
d- Trapezoid  

 
the reason for my answer is because the garden has 

a- two equal opposite parallel sides 
b- two opposite parallel sides 
c- three right angles 

 
18-A garden bed has a square shape  of   200 cm side. 
It is sketched in the drawing below. 
c-Explain the reason why this bed is a square. 
 

2  

Perimeter 5-Ramzi wants to fence his rectangular garden.  What 
is the perimeter of his yard? 

a- 25 meters 
b- 50 meters 
c- 150 meters 
d- 250 meters 

the reason for my answer is because 
a- The length is added to the width and 

multiplied  by two 
b- The length is divided by the width  
c- The length and width are subtracted and 

multiplied by two 
 
18-A garden bed has a square shape  of   200 cm side. 
It is sketched in the drawing below. 
b-Find the perimeter of this bed. 
 
 

2  

Area 9- Given the following garden with the following 
scale 
1 square= 10 cm 
The area of C will be 

a- 25 cm2 
b- 250cm2 
c- 75 cm2 

1  
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d- 100 cm2 
the reason for my answer is because  

a- Area of  C is side x side    /  the real side= 
number of squares x  10 cm  

b- Area of  C is side +side   /      the real side= 
number of squares x  10 cm  

c- Area of  C is side x side  /        the real side = 
number of squares +10 

 
Scale 18-A garden bed has a square shape  of   200 cm side. 

It is sketched in the drawing below. 
a- Write the scale of the sketch shown. 

1  

Computati
onal skill 

5-Ramzi wants to fence his rectangular garden.  What 
is the perimeter of his yard? 

a- 25 meters 
b- 50 meters 
c- 150 meters 
d- 250 meters 

the reason for my answer is because 
a- The length is added to the width and 

multiplied  by two 
b- The length is divided by the width  
c- The length and width are subtracted and 

multiplied by two 
17-A gardener performs an experiment growing four 
types of plants in different conditions. Each plant is 
10 centimeters tall at the beginning of the 
experiment. The conditions and the results of the 
experiment are shown in the table below 
b-What is the difference in height of plant A at the 
beginning and at the end of the experiment? 
18-A garden bed has a square shape  of   200 cm side. 
It is sketched in the drawing below. 
d-Calculate the area of the planted spots in this 
garden bed. Show and explain your work. 
16-The bar graph below represents the data given in 
the table 

 
 
T    F 

4  
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Appendix 3 b 

21st century skill distribution of the pre-test 

Skill Question  Total of 
questions 

Score of 
the 

student 
Communication 5-Ramzi wants to fence his rectangular garden.  

What is the perimeter of his yard? 
a- 25 meters 
b- 50 meters 
c- 150 meters 
d- 250 meters 

 
the reason for my answer is because 

a- The length is added to the width and 
multiplied  by two 

b- The length is divided by the width  
c- The length and width are subtracted and 

multiplied by two 
 

6-Rana sketched the following garden on a white 
paper. 
The garden has a --------------  shape 

a- Rectangular 
b- Triangular 
c- Square 
d- Trapezoid  

 
the reason for my answer is because the garden has 

a- two equal opposite parallel sides 
b- two opposite parallel sides 
c- three right angles 

 
9- Given the following garden with the following 
scale 
1 square= 10 cm 
The area of C will be 

a- 25 cm2 
b- 250cm2 
c- 75 cm2 
d- 100 cm2 

 
the reason for my answer is because  

a- Area of  C is side x side    /  the real side= 

12  



254 
 

number of squares x  10 cm  
b- Area of  C is side +side   /      the real side= 

number of squares x  10 cm  
c- Area of  C is side x side  /        the real side = 

number of squares +10 
 
12- Complete the following concept map. 
13- A student planted two bean seeds in two 
identical pots containing the same type of soil. He 
placed one pot in a closet and the other near a sunny 
window. Each day he watered the two pots. 
The student is testing the effect of water on the 
growth of the seeds.T      F 
14-The diagram below shows different stages in the 
growth of a bean seed and development of a bean 
plant.  The student measures the growth in cm of the 
seed above the soil and matches each measure to a 
stage. He writes: 
Stage A : 0 cm long 
Stage B:  0 cm long 
Stage C:  4  cm long 
Stage D:  2 cm long 
 
The measures written by the student are correct.                    
T                        F 
16-The bar graph below represents the data given in 
the table 

 
 

T    F 
 

 
 
 
 
 

17-A gardener performs an experiment growing four 
types of plants in different conditions. Each plant is 
10 centimeters tall at the beginning of the 
experiment. The conditions and the results of the 
experiment are shown in the table below 
a-Explain why there is a difference in the height of 
the four plants. 

b- What is the difference in height of plant A at 
the beginning and at the end of the 
experiment? 
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18-A garden bed has a square shape  of   200 cm 
side. It is sketched in the drawing below. 

a- Write the scale of the sketch shown. 
b- Find the perimeter of this bed. 
c- Explain the reason why this bed is a square. 

 
 

Critical thinking 1- In this drawing the green plants are: 
a- metals 
b- living  
c- nonliving  
d- heavy  

 
the reason for my answer is because 

a- green plants are metals 
b- green plants live in water 
c- green plant grow and change  

 
2-The ----------- helps the plant get nutrients to 
survive? 

a- sun 
b- water 
c- soil 
d- b & c 

the reason for my answer is because 
a- nutrients are built by the sun  
b- nutrients are built by the water 
c- nutrients come from decomposed animal and 

plant wastes 
 
3-Teresa and Rafael set up their terrariums for a 
class project. Teresanever had to water hers but 
Rafael had to water his almost every other day. Why 
do you think this happened? 

a- Teresa poured more water in hers before 
closing it up. 

b- Rafael used different soda bottles to set his 
up. 

c- Rafael decided to leave the top off and water 
evaporated quickly. 

d- Teresa used plant food and Rafael did not. 
 
4-What are the non-living things in an ecosystem ? 

a- Plants and animals 
b- Sun, soil, water, rocks and air 
c- Sun, plants and animals 
d- Plants, animals, soil and water 

14  
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the reason for my answer is because 

a- Non-living things show signs of life.  
b- Non-living things grow and change. 
c- Non-living things lack signs of life. 

 
7-Your teacher brought to class a sample of  
mixtures composed form small rocks, sand and silt. 
Water drains the fastest in : 

a- Pot A 
b- Pot B 
c- Pot C 
d- Pot D 

 
the reason for my answer is because  

a- Rocks are the biggest particles, sand the 
medium sized ones and silt the smallest 
particles amongst the three 

b- Silt  are the biggest particles, sand the 
medium sized ones and rocks the smallest 
particles amongst the three 

c- Sand  are the biggest particles, rocks the 
medium sized ones and silt the smallest 
particles amongst the three 

 
8-A student placed two plants, A and B, near a 
sunny window to study plant growth. Plants  A and  
B were the same type of plant and received the same 
amount of water. Plant  B was covered with a box . 
The results after several weeks are shown in the 
diagram. 
Plant B withered due to the : 

a- presence of air 
b- absence of water 
c- absence of light 
d- absence of soil 

 
the reason for my answer is because  

a- Plant A is  covered by a opaque box 
b- Plant B is exposed to sunlight 
c- Plant B is covered by an opaque box 

 
10- The four bean seeds in the diagram below were 
planted in different types of soil. Each seed was 
given the same amount of water and sunlight each 
day.  
Based on the growth and development of the bean 
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seeds, which one is most likely planted in loam soil? 
a- A 
b- B 
c- C 
d- D 

 
the reason for my answer is because  

a- Clay soil holds nutrients and provides good 
drainage of water 

b- Sandy soil holds nutrients and provides good 
drainage of water 

c- Loam soil holds nutrients and provides good 
drainage of water 

 
 
11------------- are components that can be found in 
the soil 

a- Worms 
b- Roots 
c- Dead leaves 
d- All of the above 

 
the reason for my answer is because  

a- Soil is composed of living things  
b- Soil is composed of non-living things 
c- Soil is composed of  living and non-living 

things 
 
13- A student planted two bean seeds in two 
identical pots containing the same type of soil. He 
placed one pot in a closet and the other near a sunny 
window. Each day he watered the two pots. 
The student is testing the effect of water on the 
growth of the seeds.T      F 
 
14-The diagram below shows different stages in the 
growth of a bean seed and development of a bean 
plant.  The student measures the growth in cm of the 
seed above the soil and matches each measure to a 
stage. He writes: 
Stage A : 0 cm long 
Stage B:  0 cm long 
Stage C:  4  cm long 
Stage D:  2 cm long 
The measures written by the student are correct.                    
T                        F 
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15-Even though the car moves it is a non-living 
thing    T                   F 
17-A gardener performs an experiment growing four 
types of plants in different conditions. Each plant is 
10 centimeters tall at the beginning of the 
experiment. The conditions and the results of the 
experiment are shown in the table below 
a-Explain why there is a difference in the height of 
the four plants. 
c-Are the plants living or non-living things? Explain 
18-A garden bed has a square shape  of   200 cm 
side. It is sketched in the drawing below. 
d-Calculate the area of the planted spots in this 
garden bed. Show and explain your work. 
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Appendix 4 

Post-test 

Multiple choices 

1- In this drawing the living things are the : 

 

a- rock 

b- fish  

c- air pump  

d- gravel 

the reason for my answer is because 

e- rocks grow and change 

f- fish grow and change 

g- gravels grow and change  

2- The plant takes the nutrients from the ? 

a- soil 

b- water 

c- sun 

d- b & c 
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the reason for my answer is because 

e- nutrients are built by the sun. 

f- nutrients are built by the water. 

g- nutrients come from decomposed animal and plant wastes. 

3- Rand built terrarium A and Shaza built terrarium B  for a class project. Rand had to 

water his almost every other day unlike Shaza. Why do you think this happened? 

 

 

 

 

 

 

a- Rand poured more water in hers before closing it up. 

b- Shaza used different soda bottles to set his up. 

c- Rand decided to leave the top off and water evaporated quickly. 

d- Shaza used plant food and Rand did not. 

the reason for my answer is because 

d- Rand’s Terrarium gets recycled water 

e- Shaza’s terrarium gets recycled water 

f- Shaza’s terrarium dries out quickly 

4- Which one of these is a living thing? 

a- Mushroom 

b- Sun 

A B 
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c- River 

d- soil 

the reason for my answer is because 

d- Living things show signs of life  

e- Non-living things grow and change 

f- Non-living things lack signs of life 

5- Ramzi wants to fence his vegetable garden.  What is the perimeter of his yard? 

 

a- 2 meters 

b- 5 meters 

c- 10 meters 

d- 8 meters 

the reason for my answer is because 

d- The side is divided by four 

e- The side is added to four  

f- The side is multiplied by four 
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6- Rana sketched the following garden on a white paper. 

The garden has a --------------  shape 

a- Rectangular 

b- Triangular 

c- Square 

d- Trapezoid  

the reason for my answer is because the garden  

d- Two equal opposite parallel sides 

e- Two opposite parallel sides 

f- Three right angles 

7- Amy needs potting soil that will stay moist. Which type of soil work the best  : 

 

a- Sandy soil 

b- Clay soil  
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c- Soil with humus 

d- Rocky soil 

the reason for my answer is because 

d- Rocky soil holds the most water 

e- Soil with humus holds the most water 

f- Sand  soil holds the most water 

8- A student placed two plants, A and B, near a sunny window to study plant 

growth. Plants  A and  B were the same type of plant and received the same 

amount of water. Plant A was put inside the room. The results after several 

weeks are shown in the diagram. 

 

 

 

 

 

 

 

Plant A withered due to the  

a- Presence of air 

b- Absence of water 

c- Absence of light 

d- Absence of soil 
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the reason for my answer is because 

d- plant A is  deprived of sunlight 

e- plant A is exposed to sunlight 

f- plant A is covered by an opaque box 

9- Given the following garden with the following scale 

1 square= 5 cm 

 

The area of A will be 

a- 25 cm2 

b- 54cm2 

c- 64 cm2 

d- 1600 cm2 

D 

C B 

A 
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the reason for my answer is because 

d- Area of  A is length x length    /  the real length= number of squares x  5 cm  

e- Area of  A is length+ width   /   the real length and width= number of squares x 5 

cm + number of squares x 5  

f- Area of  A is length x width  /   the real length and width= number of squares x 5 

cm / number of squares x 5 

10- The four bean seeds in the diagram below were planted in different types of soil. 

Each seed was given the same amount of water and sunlight each day.  

Based on the growth and development of the bean seeds, which one is most likely planted 

in rocky soil? 

 

a- A 

b- B 

c- C 

d- D 

the reason for my answer is because 

d- rocky retains  water 

e- rocky soil drains water 

f- rocky soil is rich in nutrients 
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11- ------------ is not a soil component: 

a- Water 

b- Air  

c- Organic matter 

d- None of the above 

the reason for my answer is because 

d- soil is composed of living things  

e- soil is composed of non-living things 

f- soil is composed of  living and non-living things 

Concept map 

12- The following concept map includes errors. Identify the error and correct it 

 

13- T/F and justify your answer  

A student performed the following experiment: 

Four different types of seeds were planted in identical pots filled with the same kind and 

A garden is a habitat for  

living 
such as  

water 
( need)  

sunlight air animals 

soil 

living 
such as   

Plants soil 

rock sand silt 

air 
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amount of soil. The pots were placed in a warm, sunny place and were given the same 

amount of water each day. 

The student is testing which seeds produce the tallest plants.     T      F 

---------------------------------------------------------------------------------------------------- 

14- The diagram below shows different stages in the growth and development of a 

plant.  The student measures the growth in cm of the seed above the soil and 

matches each measure to a stage. He writes: 

 

 

My plant grew 15 cm long from day 2 to day 15. 

The measures calculated by the student are correct                   T                        F 

---------------------------------------------------------------------------------------------------- 

15- Since the airplane moves and flies it is a living thing    T                   F 

---------------------------------------------------------------------------------------------------- 

16- The table below  represents the data given in the bar graph   T        F 

                                      Number of seeds that germinated 

Pot A 15  

Pot B 22 

Pot C 25 
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 Open ended questions 

17- A gardener performs an experiment growing four types of plants in different 

conditions. Each plant is 10 centimeters tall at the beginning of the experiment. 

The conditions and the results of the experiment are shown in the table below 

 water sunlight Type of soil results 

Plant A X X sand 12 cm 

Plant B  X silt 10 cm 

Plant C X  clay 10 cm 

Plant D X X silt  15 cm  

 X: means absence 

a- Which plant (s)  of the ones shown above grew and developed ? Explain  your 

answer. 

-------------------------------------------------------------------------------------------------------------- 

b- What is the difference in height of plant C at the beginning and at the end of the 

experiment?-------------------------------------------------------------------------------------- 

c- Maha said that plant C and B are nonliving. Is Maha right? Justify. 

-------------------------------------------------------------------------------------------------------------- 

0

5

10

15

20

25

Pot A Pot B Pot C
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18- A garden sketch is shown below.  

 

 

 

 

 

 

 

a- Find the real side of this garden. 

------------------------------------------------------------------------------------------------- 

b- Find the perimeter of this garden. 

---------------------------------------------------------------------------------------------------- 

c- Explain the reason why this bed is NOT a rectangle. 

---------------------------------------------------------------------------------------------------- 

d- A gardener wants to place a garden bed to the right of A. Mark on the diagram 

the spots that this gardener can use. 

e-  Calculate the area of the planted spots by this gardener taking into 

consideration that he wants to leave one spot empty. Show and explain your 

work. 
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Appendix 4 a 

Concept distribution of the post-test 

Concept Question in post-test Total 
number 
of 
questions 

Score of 
the 
student 

Living/ 
non-living 

1- In this drawing the living things are the : 
 

a- rock 
b- fish  
c- air pump   
d- gravel  

the reason for my answer is because 
e- rocks grow and change 
f- fish grow and change 
g- gravels grow and change  
 
4-Which one of these is a living thing? 

a- Mushroom 
b- Sun 
c- River 
d- soil 

the reason for my answer is because 
 

e- Living things show signs of life  
f- Non-living things grow and change 
g- Non-living things lack signs of life 

 
11- ------------ is not a soil component. 
a- water 
b- air  
c- organic matter 
d- none of the above 

 
the reason for my answer is because  

g- Soil is composed of living things  
h- Soil is composed of non-living things 
i- Soil is composed of  living and non-living 

things 
 

 
 

12-The following concept map includes errors. 

6  
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Identify the error and correct it. 
15-Since the airplane moves and flies  it is a living 
thing    T                   F 
17-A gardener performs an experiment growing four 
types of plants in different conditions. Each plant is 10 
centimeters tall at the beginning of the experiment. 
The conditions and the results of the experiment are 
shown in the table below 
c-Maha said that plant C and B are nonliving. Is Maha 
right? Justify. 
 

Needs of 
plant 
growth 

2- The plant takes the nutrients from the ? 
a- soil 
b- water 
c- sun 
d- b & c 

the reason for my answer is because 
e- nutrients are built by the sun  
f- nutrients are built by the water 
g- nutrients come from decomposed animal and 

plant wastes 
 
3-Rand built terrarium A and Shaza built terrarium B  
for a class project. Rand had to water his almost every 
other day unlike Shaza. Why do you think this 
happened? 

a- Rand poured more water in hers before closing 
it up. 

b- Shaza used different soda bottles to set his up. 
c- Rand decided to leave the top off and water 

evaporated quickly. 
d- Shaza used plant food and Rand did not. 

 
the reason for my answer is because 

e- Rand’s Terrarium gets recycled water 
f- Shaza’s terrarium gets recycled water 
g- Shaza’s terrarium dries out quickly 

 
8-A student placed two plants, A and B, near a sunny 
window to study plant growth. Plants  A and  B were 
the same type of plant and received the same amount 
of water. Plant A was put inside the room. The results 
after several weeks are shown in the diagram. 
Plant A withered due to the  

a- Presence of air 
b- Absence of water 
c- Absence of light 

6  
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d- Absence of soil 
 
the reason for my answer is because  

e- Plant A is  deprived of sunlight 
f- Plant A is exposed to sunlight 
g- Plant A is covered by an opaque box 

 
10-The four bean seeds in the diagram below were 
planted in different types of soil. Each seed was given 
the same amount of water and sunlight each day.  
Based on the growth and development of the bean 
seeds, which one is most likely planted in rocky soil? 
 

a- A 
b- B 
c- C 
d- D 

 
the reason for my answer is because  

e- Rocky retains  water 
f- Rocky soil drains water 
g- Rocky soil is rich in nutrients 

 
13-A student performed the following experiment: 
Four different types of seeds were planted in identical 
pots filled with the same kind and amount of soil. The 
pots were placed in a warm, sunny place and were 
given the same amount of water each day. 
The student is testing which seeds produce the tallest 
plants.     T     F 
17-A gardener performs an experiment growing four 
types of plants in different conditions. Each plant is 10 
centimeters tall at the beginning of the experiment. 
The conditions and the results of the experiment are 
shown in the table below 
a-Which plant (s) of the ones shown above grew and 
developed? Explain your answer. 
 

Geometrical 
shape 

6-Rana sketched the following garden on a white 
paper. 
The garden has a --------------  shape 

a- Rectangular 
b- Triangular 
c- Square 
d- Trapezoid  

 
the reason for my answer is because the garden  

2  
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e- Two equal opposite parallel sides 
f- Two opposite parallel sides 
g- Three right angles 

 
18-A garden sketch is shown below.  
c-Explain the reason why this bed is NOT a rectangle. 
 
 

Perimeter 5-Ramzi wants to fence his vegetable garden.  What is 
the perimeter of his yard? 

a- 2 meters 
b- 5 meters 
c- 10 meters 
d- 8 meters 

 
the reason for my answer is because 

e- The side is divided by four 
f- The side is added to four  
g- The side is multiplied by four 

 
18-A garden sketch is shown below.  
b-Find the perimeter of this garden. 
 

2  

Area 9-Given the following garden with the following scale 
1 square= 5 cm 
The area of A will be 

a- 25 cm2 
b- 54cm2 
c- 64 cm2 
d- 200 cm2 

 
the reason for my answer is because  

e- Area of  A is length x length    /  the real 
length= number of squares x  5 cm  

f- Area of  A is length+ width   /   the real length 
and width= number of squares x 5 cm + 
number of squares x 5  

g- Area of  A is length x width  /   the real length 
and width= number of squares x 5 cm x 
number of squares x 5 

 
18-A garden sketch is shown below 
e-Calculate the area of the planted spots by this 
gardener taking into consideration that he wants to 
leave one spot empty. Show and explain your work. 
 

2  
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Scale 18-A garden sketch is shown below 
a-Find the real side of this garden. 
 

1  

Problem 
solving 

7-Amy needs potting soil that will stay moist. Which 
type of soil work the best  : 

a- Sandy soil 
b- Clay soil  
c- Soil with humus 
d- Rocky soil 

 
the reason for my answer is because  

e- Rocky soil holds the most water 
f- Soil with humus holds the most water 
g- Sand  soil holds the most water 

 
14-The diagram below shows different stages in the 
growth and development of a plant.  The student 
measures the growth in cm of the seed above the soil 
and matches each measure to a stage. He writes: 
My plant grew 15 cm long from day 2 to day 15. 
The measures calculated by the student are correct T         
F 
17-A gardener performs an experiment growing four 
types of plants in different conditions. Each plant is 10 
centimeters tall at the beginning of the experiment. 
The conditions and the results of the experiment are 
shown in the table below 
b-What is the difference in height of plant C at the 
beginning and at the end of the experiment? 
 18-A garden sketch is shown below 
e-Calculate the area of the planted spots by this 
gardener taking into consideration that he wants to 
leave one spot empty. Show and explain your work. 
 

4  
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Appendix 4 b 

21st century skill distribution of the post-test 

Skill  Question Number 
of 

questions 

Score of 
the 

student 
Communication 5-Ramzi wants to fence his vegetable garden.  

What is the perimeter of his yard? 
a- 2 meters 
b- 5 meters 
c- 10 meters 
d- 8 meters 

the reason for my answer is because 
e- The side is divided by four 
f- The side is added to four  
g- The side is multiplied by four 

 
6-Rana sketched the following garden on a white 
paper. 
The garden has a --------------  shape 

a- Rectangular 
b- Triangular 
c- Square 
d- Trapezoid  

 
the reason for my answer is because the garden  

e- Two equal opposite parallel sides 
f- Two opposite parallel sides 
g- Three right angles 

 
9-Given the following garden with the following 
scale 
1 square= 5 cm 
The area of A will be 

a- 25 cm2 
b- 54cm2 
c- 64 cm2 
d- 200 cm2 

the reason for my answer is because  
 

e- Area of  A is length x length    /  the real 
length= number of squares x  5 cm  

10  
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f- Area of  A is length+ width   /   the real 
length and width= number of squares x 5 
cm + number of squares x 5  

g- Area of  A is length x width  /   the real 
length and width= number of squares x 5 
cm x number of squares x 5 

 
11- ------------- is not a soil component. 

a- water 
b- air  
c- organic matter 
d- none of the above 

 
the reason for my answer is because  

e- Soil is composed of living things  
f- Soil is composed of non-living things 
g- Soil is composed of  living and non-living 

things 
 
12-The following concept map includes errors. 
Identify the error and correct it. 
13-A student performed the following 
experiment: 
Four different types of seeds were planted in 
identical pots filled with the same kind and 
amount of soil. The pots were placed in a warm, 
sunny place and were given the same amount of 
water each day. 
The student is testing which seeds produce the 
tallest plants.     T     F 
14-The diagram below shows different stages in 
the growth and development of a plant.  The 
student measures the growth in cm of the seed 
above the soil and matches each measure to a 
stage. He writes: 
My plant grew 15 cm long from day 2 to day 15. 
The measures calculated by the student are 
correct T         F 
16-The table below  represents the data given in 
the bar graph   T        F 
                                      Number of seeds that 
germinated 
Pot A 15  
Pot B 22 
Pot C 25 

 
17-A gardener performs an experiment growing 



277 
 

four types of plants in different conditions. Each 
plant is 10 centimeters tall at the beginning of the 
experiment. The conditions and the results of the 
experiment are shown in the table below 
a-Which plant (s) of the ones shown above grew 
and developed? Explain your answer. 
b-What is the difference in height of plant C at 
the beginning and at the end of the experiment? 

 
Critical thinking 1- In this drawing the living things are 

the : 
a- rock 
b- fish  
c- air pump   
d- gravel  

 
the reason for my answer is because 
e- rocks grow and change 
f- fish grow and change 
g- gravels grow and change  

 
2- The plant takes the nutrients from the 

? 
a- soil 
b- water 
c- sun 
d- b & c 

the reason for my answer is because 
e- nutrients are built by the sun  
f- nutrients are built by the water 
g- nutrients come from decomposed animal 

and plant wastes 
3-Rand built terrarium A and Shaza built 
terrarium B  for a class project. Rand had to water 
his almost every other day unlike Shaza. Why do 
you think this happened? 

a- Rand poured more water in hers before 
closing it up. 

b- Shaza used different soda bottles to set his 
up. 

c- Rand decided to leave the top off and 
water evaporated quickly. 

d- Shaza used plant food and Rand did not. 
 
the reason for my answer is because 

e- Rand’s Terrarium gets recycled water 
f- Shaza’s terrarium gets recycled water 

12  
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g- Shaza’s terrarium dries out quickly 
 

4-Which one of these is a living thing? 
a- Mushroom 
b- Sun 
c- River 
d- soil 

 
the reason for my answer is because 

e- Living things show signs of life  
f- Non-living things grow and change 
g- Non-living things lack signs of life 

 
7-Amy needs potting soil that will stay moist. 
Which type of soil work the best  : 

a- Sandy soil 
b- Clay soil  
c- Soil with humus 
d- Rocky soil 

 
the reason for my answer is because  

e- Rocky soil holds the most water 
f- Soil with humus holds the most water 
g- Sand  soil holds the most water 

 
8-A student placed two plants, A and B, near a 
sunny window to study plant growth. Plants  A 
and  B were the same type of plant and received 
the same amount of water. Plant A was put inside 
the room. The results after several weeks are 
shown in the diagram. 
Plant A withered due to the  

a- Presence of air 
b- Absence of water 
c- Absence of light 
d- Absence of soil 

the reason for my answer is because  
e- Plant A is  deprived of sunlight 
f- Plant A is exposed to sunlight 
g- Plant A is covered by an opaque box 

 
10-The four bean seeds in the diagram below 
were planted in different types of soil. Each seed 
was given the same amount of water and sunlight 
each day.  
Based on the growth and development of the bean 
seeds, which one is most likely planted in rocky 
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soil? 
 

a- A 
b- B 
c- C 
d- D 

the reason for my answer is because  
e- Rocky retains  water 
f- Rocky soil drains water 
g- Rocky soil is rich in nutrients 

 
13-A student performed the following 
experiment: 
Four different types of seeds were planted in 
identical pots filled with the same kind and 
amount of soil. The pots were placed in a warm, 
sunny place and were given the same amount of 
water each day. 
The student is testing which seeds produce the 
tallest plants.     T     F 
14-The diagram below shows different stages in 
the growth and development of a plant.  The 
student measures the growth in cm of the seed 
above the soil and matches each measure to a 
stage. He writes: 
 
My plant grew 15 cm long from day 2 to day 15. 
The measures calculated by the student are 
correct T         F 
15-Since the airplane moves and flies  it is a 
living thing    T                   F 
17-A gardener performs an experiment growing 
four types of plants in different conditions. Each 
plant is 10 centimeters tall at the beginning of the 
experiment. The conditions and the results of the 
experiment are shown in the table below 
a-Which plant (s) of the ones shown above grew 
and developed? Explain your answer. 

c-Maha said that plant C and B are 
nonliving. Is Maha right? Justify. 
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Appendix F 1 

Formative 1 Answer key 

A.  ( at least two right answers for living and nonliving ) 

Living: trees- people  

Nonliving: table – door- house- hats---- 

B. ( right answer, computation ,clear explanation.) 

Watering the seeds for 8 days allows Sami to use 8 x 20 ml = 160 ml of water. 

He used instead 320 ml of water which means that he over watered them and that is why 

they did not sprout. 

C. i. The garden has a rectangular shape because it has 2 opposite equal sides and a 

right angle.  

ii. the perimeter of the garden is  2x ( length + width)= 2x( 10 m + 5 m)= 30 m2 

the area of this garden = length x width= 10m x 5 m = 50 m 

iii. the gardener needs to divide the area of the garden by the space occupied by each plant 

30 m2 /5 m2= 6 plants . 

iv. ( depending on the child’s answer right scale/ right and clear sketch) 

scale : 1 square for 1 meter  
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Appendix F 2 

Formative 2 Answer key 

A.  (right answer, computation ,clear explanation) 

a. Type C drains the most amount of water since the volume of water collected is 

the greatest ( 8 ml > 7ml > 5 ml ) 

b. Funnel A contains clay because it drained the least volume of water since the 

clay particles are so tiny with small pores 

Funnel B contains loam since it drains the average volume of water and the 

particles allow fair drainage of water. 

Funnel C contains sand since it drains the most volume of water and its particles 

are large leaving a big pore space between them. 

B. ( right answer) 

1. b 

2. a 

3. a 

4. b 

C. ( right answer, clear and full explanation with clear ideas) 

Ramis’ seeds took so much time to grow and develop because he planted then in sand. 

Sandy soils drain a lot of water because the pore spaces between particles are too large. 

They drain too well and water and nutrients are leached away before they can do the plant 

much good. 
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D. The tomatoes can survive outside the soil because they can take the nutrients 

they need from the water only without soil. However, they need to be exposed 

to light and given fertilizers.  

 

E. Concept map ( 4 right answers out of 6) 

Silt- sand 

Medium particles- small particles 

Drains a lot of water- retains most water 
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Appendix F 3 

Unit test  Answer key 

A. ( right answer) 

a- a 

b- d 

c- b 

d- d 

e- c 

f- b 

g- b 

h- d 

i- b 

j- ( right answer, clear explanation) 

yes, the picture shows a healthy germinating plant since the seed grew into 

seedling as shown in the diagram. This means that the seeds was given the right 

conditions ( water, soil, sunlight and air to grow ). 

B. ( right answer, clear explanation) 

a- Bean B will grow because it is planted in soil and watered every day. 

b- According to the experiments shown, the needs of the plant to grow are soil and 

water. 

C. (right answer , clear explanation) 

c. Both plants B and D have soil, water and air. However, plant B is hidden from 

light but plant D is exposed to light.  
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As a result, plant B doesn’t grow whereas plant D grows fully.  

d. Plants A, B and C will not grow normally. Plant A needs air, plant B needs light 

and plant C needs water.  

e. A plant needs air, water light and soil to grow well.  

D. ( right answer, computation, clear and full explanation with clear ideas) 

If the seeds need 30 ml on 7 days this means that they need a total of 30x 70ml= 210 ml of 

water.  

Sami used only 100 ml of water which means that his seeds still need 210-100= 100 ml of 

water.  

E. The area of the garden bed is length x width = 2.5 m x 2 m= 5 m2 

The area of the whole garden space is 10m x 5 m = 50 m2 

Sami can build 50m2/ 5 m2= 10 garden beds 
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Appendix F 4 

Activity sheet 1 Answer key 

Lesson 1 Observation Sheet ( activity sheet 1)    25 min 

Based on you walk in the garden fill in the table below 

A. Key: students should write at least 4 things and label them as living or non living 

correctly. 

Student is considered to get a full score if he/ she gets at least two correct answers out of 

four. 

 

B. The soil in the garden ( according to student’s answer ) 

looks-------------------------  

smells ----------------------------  

feels ------------------------- 

 

 

 

 

 

Things picked while walking in the 

garden 

Living  Non-living 

According to students’ answers  ( at 

least 5 things )  
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Appendix F 5 

Activity Sheet 2      Answer key 

A. ( key according to students measurements of the garden and conversion. 

Students will be suing a meter stick and convert from cm to m) 

Length of the garden:  2 meters 

        Width of the garden:     3 meters 

       Shape of the garden:       rectangle  

B i.    ( key: computation, calculation and right answer )  

Perimeter of the garden   2x   (2m +3 m)= 2x 5m = 10 m 

ii. Area of the garden      2m x 3m = 6 m2 

 

 

 

 

 

 

 

 

 

 

 

C. SKETCH the GARDEN 
Using a scale 

 
Key: Logical presentation of scale  

Clear sketching according to chosen scale 
 



287 
 

Appendix F 6 

Activity Sheet 3 Answer key  

Plant growing chart: illustrate your lentil plant as it grows. Record the first day the seed 

germinated or sprouted above the soil. Record the number of leaves, height of the plant and 

color of the leaves. 

A. ( key: filling the table logically, consistently and correctly  based on observation),   

margin of 1 error 

Germination 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

 

Day:------ 

Number of 

leaves 

Color of the 

plant 

     

 

B. ( key B & C : logical, complete and clear ideas including detailed description) 

Explain how your plants grew in the different spotted areas. 

C. Explain how the amount of water affects the plant growth. 
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Appendix F 7 

Activity Sheet 4 Answer key 

A.Key : logical answer, complete information and logical justification ( margin of 1 error) 

 

 

 

 

Location in the 

garden 

Planted date Water 

 

Yes / no 

Results obtained 

after few ( 8 days) 

 

Plant A  

 

 

    

Plant B 

 

 

 

    

 

B. key : (logical, complete and clear ideas including detailed description) 

Does the light affect the growth of the seeds? Explain. 

Yes light affects the growth of the seeds. Some of them don’t grow at all others grow  

yellow.  
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Appendix F 8 

Activity Sheet 5 Answer key 

Water time chart worksheet  

Key: Right answer, clear detailed description and conclusion ( margin of one error)  

 Soil # 1 Soil # 2 Soil #3 

Time of infiltration 

The time that water 

takes water to vanish 

from the surface. 

   

Amount of passing 

water 

through the soil. 

   

Color of Water  

Describe the water in 

the jar.  Is it clear or 

cloudy, color, etc.? 

   

Comments 
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Appendix F 9 

Pre-test Answer key 

Multiple choice ( right answer with right justification) 

1- b/ c  

2- d/c 

3- c/b 

4- b/c 

5- b/a 

6- d/b 

7- b/a 

8- a/c 

9- d/a 

10- c/c 

11- d/c 

12- ( concept map at least  5 right answers out of 8 answers) non-living – plants – 

light-light –soil- clay loam . 

13- F : The student is testing the effect of light  on the growth of the seeds because 

he placed on one pot in the closet and the other one near a sunny window.  

14- F: it should be : stage A: 0 cm/ stage B: 0 cm/stage C: 2 cm /stage D : 4cm 

15- T  

16- F: march 4 cm / April 9 cm /  May: 10 cm 

Open ended questions ( right answer +justification  ( formula)+coherent 

explanation) 
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17- a- There is a difference in the height of the 4 plants because they r planted in 

different conditions . 

b- 15cm-10 cm= 5 cm 

c- Plants are living because they grow and change. 

18- a- Scale : 1 square= 25 cm ( 200/8) 

b- Perimeter= side *4= 200cm *4=800 cm 

c- The bed is square because it has 4 equal sides and right angles 

d- Area = side *side ( 25*2*25*2)= 2500cm2 
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Appendix F 10 

Post-test Answer key 

Multiple choice ( right answer with right justification) 

19- b/ f 

20- a/g 

21- c/e 

22- a/d or f 

23- d/f 

24- d/e 

25- c/e 

26- c/d 

27- b/f 

28- a/e 

29- d/f 

30- ( concept map at least  3 right answers out of 5 answers)  

Non-living for living 

Plant for water 

Animals for soil 

Water for plants 

Water for animals 

31- F : The student is testing which seeds grow first. 

32- F: The plant grew 15 cm -2cm = 13 cm 
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33- F: Even though the air moves and flies it neither grow not changes hence it is  a 

nonliving thing. 

34- F: the bar graph does not represent the data of the table. It is rather Pot A : 10 

seeds/ Pot B: 15 seeds/ Pot C: 20 seeds. 

Open ended questions ( right answer +justification  ( formula)+coherent 

explanation) 

35- a- Plant D grew and developed because it is given all and the right conditions ( 

water, sunlight and type of soil: silt). 

b- 10cm-10 cm= 0 cm 

c- No, Maha is not right, plants are living things because they grow and change.  

36- a- Real side of the garden is side *4 ( 5m*4=20 m). 

e- Perimeter= side *4= 20 m *4=80 m 

f- The bed is not a rectangle because it has 4 equal sides. 

g- If the gardener wants to leave one empty spot, this means that he will plant 

two out of three. 

Hence the area for one spot is calculated as following  

Side *side = 20 m*20m = 400m2 

The area for the two spots is 400 m2 *2= 800m2 
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